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I. INTRODUCTION 



The need and advantages, as well as difficulties, of 
going to millimeter waves (30-300 GHz) are recognized. As a 
consequence, numerous transmission media have been developed 
in an effort to take advantage of present technology and 
overcome the drawbacks. The objectives of these new designs 
are low attenuation, single mode operation, containment of 
spurious emissions, ease of production, and compatibility 
with integrated circuit technology. One such design which 
appears very attractive is the Fin-Line transmission 
structure [Refs. 1, 2]. 

The Spectral Domain technique of analyzing Fin-Line 
structures is well established in the research community 
[Refs. 3-11]. A review of these references shows that 
difficulties lie in the viable choice of basis functions 
to represent the fields within the Fin-line structure. Two 
papers of prime importance in the establishment of the 
spectral domain technique for analyzing Fin-Line structures 
are by Knorr and Shayda in July 1980 [Ref. 4] and Peter- 
Schmidt and Itoh in September 1980 [Ref. 5]. Both addressed 
the proper choice of basis functions and accurately determined 
the Fin-Line guide wavelength and characteristic impedance. 
What is important is that their methods and approach have 
set the standard in Fin-Line analysis. 
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The purpose of this thesis is to analyze the inductive 
discontinuity ( strip) in a Fin-Line structure. This problem 
was first addressed in November 1981 by Knorr [Ref. 7], 
Therefore, this thesis is a direct extention of Knorr ' s work. 
The analysis was accomplished in three phases. First, an 
extended set of basis functions were chosen and the results 
presented in Reference 7 were reproduced. This was the 
evaluation of the resonant length of a single resonant cavity. 
Second, another set of basis functions was chosen and the 
odd and even resonant lengths of two unilaterally coupled 
Fin-Line cavities were evaluated. Third, with the odd and 
even mode resonant lengths obtained and treating the induc- 
tive discontinuity as a lossless two-port network, the 
S-parameters were evaluated in terms of the odd and even 
resonant lengths. The numerical results were then compared 
with the experimental results obtained by Miller [Ref. 12]. 
This thesis will discuss both the theoretical and numerical 
aspects of the analysis . 
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II. SINGLE CAVITY RESONANT LENGTH AND EQUIVALENT 
REACTANCE OF A SHORTING SEPTUM 



The following is broken down into two parts: theory 

and numerical analysis and results. The theory covers the 
method of moments, Galerkin’s method, Fin-Line structure and 
selected basis set, implementation of Galerkin's method, 
and definition of inner product and equivalent reactance. 

The numerical analysis and results cover the search method, 
functional singularities, limits of summation, convergence, 
and comparison with other numerical and experimental results. 

A. THEORY 

Harrington in Reference 13 provides a full and complete 
discussion of the computation of fields by the method of 
moments. Briefly, if L(f) = g represents an equation where 
L is a linear operator, g is a known function Cor possibly 
unknown) and f is a function which represents the solution 
to be determined, allowing f to be represented by a series 
of basis functions f a solution may be arrived at in the 
following manner: 

Given 



L(f) = g 



( 1 ) 



Let 




( 2 ) 
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where the a ’ s are to be determined. Substituting (2) 
(1) yields 

Z “n L(f n ) = 8 
n 

Multiplying by W , 

Z a w L ( f ) = w g 
n m n m & 



where w is some weight function to be determined, 
m 

Taking the inner product, <a,b>, of both sides: 



Z a <w ,L(f )> = <w ,g> 
n m’ n m ,to 



where the inner product is to be determined. Allowing 

w = f : 
m m 



E a <f , L(f )> = <f , g> 

n m’ n m’ & 



This is known as Galerkin’s Method. 

In matrix algebra format, the above becomes 



[<f. ,L(f. )>] [ l ] = [<f. ,g>] 

13. 1 

a n 



where i=l to m and j=l to n. 



into 
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The theoretical analysis of the single resonant cavity 

begins by continuing with Eq. (12), Reference 7, and making 

the assumption that E ~ 0 leaving: 

z 



<G 
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E > 
x 



0 



where the script represent the Fourier transform of the 

x-directed electric field, and is the dyadic Green's 

function obtained by the application of the Helmholtz 

Equation and Boundary Conditions to the Fin-Line geometry 

as depicted in Figure II-l. Here "a" is the width of the 

guide, "b" is the height of the guide, D is the dielectric 

thickness, h^ and represent the fins location relative 

to the side walls of the guide and w is the gap width. 

t , e , and e are the relative dielectric constants for 
r l r 2 r 3 

regions 1, 2, and 3 respectively. 

The following assumption is made in the transform 
(spectral) domain: 



E 

x 




,S V ) = E x ( a )E Z ( 
5 k x n x 



C 



) 

u 



where a and are the transform variables with respect to 
n k r 

x and z and are defined by Equations (4) and (5), Reference 
7. Next step is the choice of basis functions. 
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The x component of the electric field is defined as: 



M 

, . A v n (2m-l)irz 

e (x,z) = A Z B cos 

x m l 

m-1 



for | x I <_ w/2, |z| <_ £/2. 



The geometries for the fin-line resonant cavity and the 
z-dependence of the x-directed electric field, e^(x,z) are 
as depicted by Figure II-2. 

In the transform (spectral) domain, 



M 

F{ e ( x , z ) } = E X ( a ) X B E 2 (C v ) 
x 5 xn m x ^ k 

m=l m 



where 



E 



x r \ 
C a ) 
x n 



AW 



sin i(a D)(g) 
Z n D 



and 



jr 2 f ^ ^ ( 2m-l ) ( n \ 

E (5 k ) - — 2 

x m 



cos (£ D) ( £, / 2D) 



( S d ) 2 ( Id ) 2 ~ [ ( ' 2 T ~ 1 ' ) " ' ]2 
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Figure II-l Fin-Line Structure Geometry 
(end on view) 




Figure II-2 Fin-Line Resonant Cavity Geometry 

(side view and z- dependence of the 
electric field) 
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Finally, applying the Galerkin's Method yields: 




( ^k )E x. ^k }> - 0 



j 




U k )>3 CBj] 



0 



where i = 1 to M and j = 1 to M. And the inner produce is 
defined as 



For a complete derivation see Appendix A. 

B. NUMERICAL ANALYSIS AND RESULTS 

The problem is to find the value of the resonant length 
for a given Fin-Line geometry and frequency which causes the 
determinant of the matrix of inner profuct terms to equal 
zero, since the B coefficients cannot be zero except in the 
trivial case. 

For ease in numerical calculations and for programming 
purposes all geometric parameters and frequencies are 
normalized as follows: 



oo 



z 

n = -oo 



Z 

n =-oo 




(c k )E x. (5 k ) CRef - 13] * 
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D/X Wavelength (frequency) of interest normalized with 
respect to D, the dielectric thickness 

h^/D Fin location relative to the positive "y" side wall 
normalized with respect to D 

l^/D Fin location relative to the negative "y" side wall 
normalized with respect to D 

b/D Guide height normalized with respect to D 

t/D Inductive Strip width normalized with respect to D. 

The resonant length normalized to the guide wavelength is 

defined as %/\ 1 where X 1 , the guide wavelength, is numerically 

determined in the same manner as described in Reference 4. 

A simple bisectional search is used to determine the value 

of £, / X 1 for which the determinant goes to zero. The 

residue is . 0001 , therefore, the uncertainty of 2./X* is 

+_ .0001. Increasing the size of the matrix (number of basis 

functions used) continually improves the result until a limit 

is reached where no further improvement is realized. This 

is depicted by the convergence test of Figure II-3. 

Two other numerical considerations are singularities in 
X z • 

the E (a ) and E (£ . ) functions and the limits of summation 
x n x k 

over and Both are derived and resolved in Appendix A. 

The documented program is found in Appendix G. 

Numerical results for a single cavity (Figure II-2) are 
graphed and may be found in Appendix B. The figures of 
Appendix B are of the same form as Figures 7 through 12 
of Reference 7, hence comparison is made with those results. 
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RESONANCE LENGTH/GUIDE WAVELENGTH 



LO 

CO 

1 

a 




ORDER OF THE MRTRIX 



Figure II-3 Convergence Test for the Single Resonant 

Cavity for w/b=0.5, t/D=16.0, and f=12 GHz 
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The solid curves and circled crosses in these graphs are 
the numerical and experimental results respectively from 
Reference 7. The dashed curves are the numerical results 
obtained by the method of moments with the expanded set of 
cosine functions. 

As can be seen, the difference between the experimental 
and numerical results of Reference 7 and the numerical 
results obtained herein ranges from 0% to 2%. The 
normalized septum reactance is defined as 

x = tan 2 tt Li /X ' 

where Li/\' = - £ / A T ) , [Ref. 7], Figure B-4 shows the 

variation of the normalized reactance and in turn, the 
normalized resonant length, with respect to the length of 
the inductive septum. 

The dimension of the matrix was chosen to be 7x7 based 
upon a convergence test in which the matrix order was 
iterated until the resonant length was no more than 0.001 
(typically less than 0.5%). Given a particular fin-line 
geometry and frequency, the solutions converged with matrix 
dimensions ranging from 5x5 to 8x8. The numerical calcula- 
tions for Figures B-l through B-4 were for wR(90) waveguide 
with centered fins for 8.0 to 12.0 GHz, normalized gap width 
w/b = 1.0, 0.5, and 0.1, dielectric thickness D=0.1 inch, 
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a = 0.9 inch, b = 0.4 inch, and for a dielectric constant, 

e =1.0. The numerical calculations for Figures B-5 
r 2 

through B-7 were for normalized frequencies 2a/X = 1.2 to 

1.8 normalized gap width w/b = 1.0, 0.5, 0.2 and 0.1, 

b/a = 0.5, and D/a = 0.1, 0.05, and 0.1 respectively for 

e =1.0 and 2.2. 
r 2 

The conclusion based upon this phase of the analysis is 
that an expanded set of basis functions works extremely well 
and that the choice of the cosine basis functions to represent 
the z-variation of the x-directed electric field was proper 
and viable. This set the stage for phase two of the 
analysis . 
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III. COUPLED CAVITIES RESONANT LENGTHS FOR 
ODD AND EVEN MODES 



The following is broken down- into two parts , theory and 
numerical analysis and results. The' theory will cover the 
geometry of the two coupled fin-line cavities, the selected 
basis set, odd and even mode field distribution, and 
implementation of Galerkin's Method. The numerical analysis 
and results will cover convergence and three tests of the 
results for correctness. 

A. THEORY 

The theoretical analysis of the two coupled cavities is 

an extension of the single cavity. The geometrical structure 

of the coupled cavities and field distributions of the 

selected basis functions for the z-dependence of the x-directed 

z» 

electric field E for both odd and even modes are described 

x 

in Figure III-l. The end walls are perfect shorts and the 
inductive discontinuity is in the center of the structure. 

The solid lines of the field distributions represent even 
modes and the dashed lines represent odd modes. 

As can be seen the choice of basis functions are both 
sine and cosine. The x and z dependence of the electric 
field is given by 

Q 

e (x,z) = A E B F (z), |x|<w/2, t/ 2< I z I < l +t/ 2 

x =1 q q - - - 
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z 




Figure III-l Coupled Fin-Line Cavities and Basis 
Functions Field Distribution 
(side view) 
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where 



F (z) 

q 



sin 



cos 



qirz 

£ 



qirz 

£ 



for q even. 



for q odd. 



For example, if q = 4, which is even. 



T, / \ • 4ttz 

F 4 (z) = sin — 



and if q = 7, which is odd, 



f \ 7 7T Z 

F 7 (z) = cos — — 



And the spatially shifted basis functions as depicted in 
Figure III-l are defined 



F (z) = 

q 



+ sin 



qir 

£ 


[z + 


z< 0 






q even 


£1 

£ 


[z - 


z> 0 






q even 


qu 

£ 


Cz + 


(^y^O ] , Z< 0 






q odd 


qir 

T~ 


[z - 


Q 4 * -+- 

(-y^-)], Z>0 






q odd 
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where for (+) the sine function, plus (+) = odd mode and 
minus (-) = even mode, and where for (+) the cosine 
function, plus (+) = even mode and minus (-) = odd mode. 
In the transform domain, 

Q 

F { e ( x , z ) } = E X ( a ) Z B E Z (5.) 
x ’ x n , q x k 

q 1 H q 



Where a and £. are the x and z transform variables 
n k 

respectively as defined by Eq. (4) S C 5 ) , Reference 7. 
For q even: 



z 

E s 
x 

q 



<v = 



and for q odd: 



(-l) q (§1 % ) 

2 e 



sm 6 



e 2 - ( |”) 2 

for Even Mode 



(-l) q (31 1 ) 

2 o 



sin 0 



e 2 -(f^) 2 



z +t 

( 2 ) sin £ (— I ) 

k 2 



l +t 

( 2 j ) cos ^ — ) 



for Odd Mode 



E x ( «k> = 

q 



(-l) q 3. U 7t ) — CQS 6 - ■ ( 2 )cos£ 

c. Q o — o X Z 

9 2 -(fi-) 2 

for Even noae 

(-l) q 3. u jf) . e - ( 2 j ) sine .(-$—) 

^ O o — O X £- 

e 2 -(|i) 2 

for Odd Mode 



where 0 = (£ . l ) / 2 . 

k 
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Finally applying Galerkin's Method yields: 




where "i" and "j" = 1 to Q and E and E 

J x x • 

1 



z 



are sine or 




cosine functions depending on whether the index is odd or 
even. 



in the single cavity case. For. a complete derivation see 
Appendix C . 

B. NUMERICAL ANALYSIS AND RESULTS 

The problem is to find the values of the odd and even 
mode resonant lengths of the coupled cavities for a given 
Fin-Line geometry and frequency which cause the determinant 
of the matrix of inner products to equal zero. The odd and 
even mode resonant lengths normalized to the guide wavelength 
are denoted by 2, /X 1 and 2,^/X', respectively. As in the 
single cavity case, a bisectional search is used with a 
residue of .0001, therefore the values of the odd and even 
resonant lengths are determined to within +_ .0001. Increasing 
the size of the matrix (number of basis functions used) 
continually improves the result until a numerical limit in 
computation is reached. That limit is a matrix of 12x12 
dimension. However, the numerical results do converge with 
increasing order of the matrix. This is depicted by the 



The inner product is defined over and as it was 
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convergence test of Figure III-2 . Therefore an order of 12 

was used for all numerical results contained herein for the 

coupled cavities where w/b=1.0. 

Three checks are used to determine the correctness of the 

numerical results. First, as the thickness of the inductive 

strip increases a point is reached where the two cavities 

become uncoupled and l / \ x = l / X x . This is seen to occur 

e o 

in the numerical results of Appendix D for w/b = 1.0 where 

the Fin-Line gap equals the "b" dimension of the waveguide. 

As the thickness of the strip, normalized with respect to D, 

t/D (TOVD) approaches 16.0, a, / X T (LE/LPR) equals £, /x' 

(LO/LPR). Here D = 0.1 inch and D/ X (D/L) is the free 

space wavelength normalized with respect to D, the dielectric 

thickness, for 8.0 to 12.0 GHz in steps of 0.5 GHz. Second, 

as the thickness of the strip becomes very small z / X* 

approaches one half (0.5). Referring to Appendix D, this 

can be seen to occur. In fact, as t/D = 0.1, z / X* = 0.5 for 

o 

all frequencies from 8 to 12 GHz. The third check is 
noting that the odd mode resonant length is equal to the 
resonant length for the single cavity plus the equivalent 
electrical length of the inductive septum, as derived in 
the single cavity case. Graphically, this is depicted in 
Figure III-3. 
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EVEN NODE RESONRNCE LENGTH/GUIDE WRVELENGTH 



LO 




ORDER OF THE MRTRIX 



Figure III-2 Convergence Test for the Coupled Resonant 
Cavities for w/b=1.0, t/D=1.0 and f=8.0, 
10.0, and 12.0 GHz 
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Figure III-3 Equivalent Electrical Length of an 
Inductive 
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Therefore, £ /A ' = £/A* + £ /A' 

’ o eq 



x = tan 2 it £ / A ' 

eq eq 



£ /A • 
eq 



1 . -1 
tan x 
2 it eq 



where x g ^ = XSC as derived in the single cavity 
included in Appendix D. 

As an example, consider 8 GHz for w/b = 1.0, 



£ /A' = .487 
o 



eq 



= .098 



£ / A ' = .469 



£ /A ' 
eq 



1^-1 

tan 

2tt 



.487 = .469 + .0155 



= .4845 , mean relative error = 0.5% 



As a second example, consider 12 GHz for w/b 
t/D = 5.0: 



£ /A’ = .406 
o 



eq 



688 



£ / A * = .308 



£ /A ' 
eq 



hr tan ' 



case and is 



and t/D = 1.0 



.098 



= 1.0 and 



1 .688 



35 



.406 



.308 + .096 



= .404, mean relatives error = 0.5%. 

The mean relative error is defined as: 

(£ /X f ) - (£/X» + £ /X 1 ) 

o eq 

M.R.E. = - 

/ (£ /X') (£ /X' + £ / A ’ ) 

o eq 



As with the single resonant cavity, two other numerical 

considerations are singularities in the E (a ) and E ($ ) 

x n x k 

functions and the limits of summation over a and £. . Both 

n k 

are derived and resolved in Appendix C. The documented 
program is found in Appendix H. 

The conclusion of this phase of the Fin-Line inductive 
strip analysis is that numerically the results are correct 
with regard to convergence and the three checks. Also, the 
choice of the sine and cosine basis functions was proper and 
viable. The final phase is to derive the scattering para- 
meters for the inductive strip as a function of both odd 
and even mode resonant lengths and compare numerical and 
experimental results. 
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IV. INDUCTIVE STRIP SCATTERING PARAMETERS 



A. THEORY 

The final phase of the analysis of the Fin-Line inductive 
discontinuity consists of deriving its scattering parameters 
from basic microwave network circuit theory by treating the 
strip as a lossless two-port network and then comparing the 
numerically calculated scattering parameters with these 
determined through experiment. The complete derivation of 
the scattering parameters is found in Appendix E. Since the 
inductive strip is considered lossless, recipricol, and 
symmetric, the scattering matrix is unitary, S-^ = S22 and 

- S^2 • The values of S^ and S^ 2 are determined to be 



S 

S 



11 

12 



✓ . 0 r 2. e . £o-|\ 0 ,le 

-exp( 3 2 7 r L^-}- + ^t] ) cos 2ir (^7- 

3 exp( 3 2tt [r-p + -5-] ) sm 2 n C-y 

A A A 



X, V \ 

10, 

x t) 



and the equivalent circuit reactances for the inductive 
strip are determined to be 

1 r I / 1 2 e \ . r\ / 1 2 O \ H 

x = -ft [tan 211(75- - T-f) + tan 2tt( t - — p) ] 



M = 75 [tan 2 n(i- - - tan 2 u(^ - 7^)]. [Ref. 14 ] 
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B. NUMERICAL ANALYSIS AND RESULTS 

Using the odd and even mode resonant lengths numerically 

determined, the corresponding S^ and S^ parameters are 

calculated and checked for convergence. Figure IV-1 shows 

that convergence is achieved with an order of "10" for the 

| S-. .. | for t/D = 1.0, w/b = 1.0, e = 1.0, and for 8, 10, and 
-L -L V ^ 

12 GHz, as an example. Similar convergences were obtained for 
various other geometric parameters and frequencies for S^ 

0H » S l2 , and 0^. 

The numerical results obtained herein for S^ , 0^, S^ 2 , 

and 0^2 are compared with the experimental measurements by 
Miller [Ref. 15] and graphically depicted in Appendix F. 
Referring to Appendix F, the solid lines with circles are 
numerical data and the dashed lines with squares are the 
experimental measurements by Miller. Defining the mean 
relative error (MRE) between the experimental (EXP) and 
numerical (NUM) data as: 

2 i /? 

M D „ r (NUM-EXP) -i nnn0 

M.Rel.Err. - £(NUM) (EXP) ^ X 100 ' 3 ’ 

the mean relative errors for the S^ parameters range from 0% 
up to 8.5% for the phase term 6 for a septum thickness of 
0.2 inch at 8 GHz. Errors for the S 9 -^ parameter are very 
large in many instances and very erratic. 

As an example, for a septum thickness of 0.2 inch, 
w/b = 1.0 at 8 GHz the mean relative error for the | S ^ -j_ I is 
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MAGNITUDE OF Sll 

0.6311675 0.700 0.725 0.750 0.775 0.800 0.825 0.850 0.875 0.900 0.925 0.950 0.975 1 .000 




ORDER OP THE MfiTRIX 



Figure IV-1 Convergence Test for the Inductive 

Strip for w/b=1.0, t/D=1.0, and f=8.0, 
10 . 0 , and 12.0 GHz 
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51.4% and for the phase term the error is 86.66%. In 

view of these two extremes in agreement between experimental 
and numerical results, some general statements can be made. 

For | and 0 .^, the mean relative error is generally 

less than 5% and deviations from this general rule are 
restricted to the lower frequencies near 8 GHz. For the S 2 ^ 
parameter, the error for the | S ^ I follow the same general 
rule of being less than 5% with the exception of the septum 
thickness of 0.2 inch which appears to be a measurement 
anomaly. However, such is not the case for the phase 
term of the S 2 ^ parameter where the mean relative error ranges 
from 0 % to 86 % with no median value regardless of frequency 
range. The closest agreement for the S 2 ^ parameter between 
experimental and numerical data can be seen to be for the 
septum thickness of 0.05 inch where the mean relative error 
ranges from 0 % to 7% for the frequency range from 8.0 to 11.5 
GHz and 70.7% for 12 GHz. If the inductive strip is indeed 
a loss less two-port network then the square root of the sum 
of the squares of the magnitudes of and S 2 ^_ should equal 

1.0 and the phase terms of S-^ and S 2 should differ by 90° 
degrees, ( 0 O ^9 0° ) . Considering the close agreement 

between the numerical and experimental data for the magnitude 
and phase of S^, it is the author’s belief that the 
experimental results for the magnitude and phase of 82 ^ for 
the inductive strip as presented by Miller in Reference 15 
are in error and Miller agrees with this fact in his 
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conclusions. Since the experimental and numerical data for 
the S-^ parameters agree within a 5% error for w/b = 1.0, 
numerical calculations of the scattering parameter were 

made and plotted for w/b = 0.5, 0.25, 0.2, and 0.1 and are 
presented in Figures F-25 through F-56 of Appendix F. Values 
for the S 2 J parameters can be obtained from these curves by 
noting that : 




6 



21 



11 



90° 



These curves should prove useful in design and comparison 

with experimental measurements for w/b < 1.0. The numerical 

results for w/b < 1.0 presented were obtained using a matrix 

of order 8, which corresponds to the use of 8 basis functions 

to represent the electric field spatial distribution, and 

restricting the maximum limits of summation for the inner 

product terms which are the elements of the matrix for which 

a singularity is sought. This was done in the interest of 

computation time and may represent an error as high as 2% 

from that which could be obtained from an order of 10 or 

higher and unrestricted limits of summation over a and 5 . . 

n k 

The numerical results appear physically sound. Comparison 
of the | S-^J reflection coefficient for a specified strip 
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width t/D for w/b = 1.0 with w/b = 0.5 and 0.25 shows that 
the I S-q| increases in magnitude with decreasing gap width 
w/b. This is physically reasonable in that as the gap 
becomes smaller the strip width relative to the gap appears 
electrically wider and the fields in the two cavities become 
more uncoupled. Comparison of the I for w/b = 0.25 with 
0.2 and 0.1 reveals that the magnitude drops for w/b = 0.2 
and then begins to rise again for w/b = 0.1. This may be 
explained by noting that as the gap becomes smaller the 
electric field strength within the gap increases and is 
essentially constant and the multiple reflections of the 
decaying exponential tails between the two cavities on the 
strip may increase in strength, correspondingly. Hence, as 
coupling increases the | S-^l decreases. However, experimental 
measurements must be made in order to determine the 
"correctness" of the numerical results presented here. 
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V. CONCLUSIONS AND RECOMMENDATIONS 



The spectral domain technique used in conjunction with 
Galerkin’s method and the choice of an expanded set of cosine 
and sine basis functions to represent the spatial distribution 
has been demonstrated to be proper, viable, and produce 
accurate results in the analysis of the fin-line inductive 
strip. For the single resonant cavity, agreement between 
previously published numerical and experimental results and 
the numerical results obtained herein is within 2%. For the 
coupled cavities using the odd and even mode resonant lengths 
to determine for the inductive strips of various widths 

the agreement at several checkpoints is within 5%, in general. 

Numerical computation time, expecially for w/b < 1.0 can 

be quite large if high accuracy is sought. Numerical accuracy 

is a function of the number of basis functions used (matrix 

order) , limits of summation over a and 5 . , and the residue 

n k 

decision to determine the end of a search iteration. These 
three factors, along with search interval directly impact on 
computation time. As the order of the matrix goes up, so 
must the accuracy of the elements of matrix which can only 
be obtained by increasing the limits of summation for the 
inner product terms . This is due to the fact that as the 
determinant of the matrix approaches its singularity, which 
is what is sought, it becomes "ill-conditioned". If the 
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elements of the matrix contain a small error then an incorrect 
value of the determinant will result. As the matrix becomes 
very ill-conditioned, numerically, exponential underflow or 
overflow will exceed the capabilities of the available IBM 
3033 used. Therefore, a trade must be made between accuracy 
and computation time. 

Four recommendations are offered in conclusion. First, 
due to the computation time required for highly accurate 
numerical results, it is recommended that the programs 
contained herein be transferred to a personal minicomputer. 
Second, experimental measurements should be made for w/b<1.0 
and compared with the numerical results presented herein. 
Third, the use of other basis functions should be investigated 
in depth. Two basis functions are recommended. The close 
numerical agreement between the basis functions used in this 
thesis and the cosine with the exponential end correction 
used by Knorr in Reference 7 indicate that using a single 
cosine function with a sum of exponentials representing the 
decaying tails of higher order modes may prove to be very 
accurate. The second basis set recommended is formed from 
the Chebyshev polynomials of the first kind, T^(x) , 
presented here as 

F (x) = xT (x) - T (x) . 
n n n+1 
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This is a modified Chebyshev polynomial of the second kind, 
defined over the interval of -1 to +1 and is zero at these 
two points regardless of order. This function has the 
advantage of being even or odd depending on the value of 
the index "n". The fourth and final recommendation is that 
a faster search routine be sought. The bisectional search 
used herein is the most accurate and reliable but has the 
burden of being the slowest. The Newton-Gregory search 
method is offered for consideration. 
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of the Single Resonant Cavity Problem 



APPENDIX A 



THEORETICAL ANALYSIS OF THE SINGLE RESONANT CAVITY 
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Clearly , if all B 1 * s are zero a "trivial solution results •• solve the characteristic 
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Determining the actual value of B* to be discarded: 
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(2 j-l)ir 



The inner product in expanded form can be written as: 
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max 



And K is determined by noting that 
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The G dyadic Green’s function obtained from Knorr, notes for Reference 
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(ct D)(3D)(k D) 
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( 2k-l)ir/ (L/D) , see Reference 
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APPENDIX B 

NUMERICAL RESULTS FOR THE SINGLE RESONANT CAVITY 




FREQUENCY IN GHZ 



Figure B-l Normalized Septum Reactance v.s. Frequency for 

e =1.0, and w/b=1.0 as the Inductive Strip 
2 ? 7 

WiSth T-+-<=° 
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NORMALIZED REACTANCE 
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FREQUENCY IN GHZ 



Figure B-2 Normalized Septum Reactance v.s. Frequency for 

e. =1.0 and w/b=0.5 as the Inductive Strip Width 

r 2 

T-»-“ 
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NORMALIZED REACTANCE 
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FREQUENCY IN GHZ 



Figure B-3 Normalized Septum Reactance v.s. Frequency for 

e =1.0 and w/b=0.1 as the Inductive Strip Width 
2 

T><5 
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NORMALIZED REACTANCE 
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Figure B-4 Normalized Septum Reactance v.s. Septum Length 

T/2 in Inches for w/b=1.0 and e =1.0 for 8, 10, 
and 12 GHz r 2 
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NORMRLIZED RERCTRNCE 
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Figure B-5 Normalized Septum Reactance v.s. Normalized 
Frequency for e =2.2, b/a=0.5, h, /a=0.5, 
D/a-O.asT- r 2 1 
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NORMALIZED REACTANCE 
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Figure B-6 Normalized Septum Reactance v.s. Normalized 
Frequency for e =2.2, b/a=0.5, h,/a=0.5, 
D/a = 0 . 05 , as T->^2 
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NORMALIZED REACTANCE 
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NORMALIZED FREOUENCY 2A/LAMBDA 



Figure B-7 Normalized Septum Reactance v.s. Normalized 
Frequency for e =2.2, b/a=0.5, h,/a=0.5, 
D/a=0.1, as T->» r 2 1 
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Derivation of the Coupled Resonant Cavities Problem 



APPENDIX C 

THEORETICAL ANALYSIS OF THE COUPLED RESONANT CAVITIES 
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even mode - odd mode 
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(5, A/2) 
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obtained by summing the two transforms 



and for the sine function: 
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obtained by summing the two transforms E 
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where i and j run from 



As in the single cavity case, the problem reduces to 
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factors out of each element of the resulting matrix of inner 



the odd mode 
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-1) J for the odd mode 



The singularities for the E (a ) and E (£,) are the same as in the single 
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APPENDIX D 

NUMERICAL RESULTS FOR THE SINGLE AND COUPLED RESONANT CAVITIES 

THIS IS THE FINSTRP PROGRAM TO DETERMINE THE ODD AND 
EVEN MODE RESONANT LENGTHS OP TWO JNI LATERALLY COUPLED 
FIN-LINE RESONANT CAVITIES, THE CORRE SPUNDING EuUIVALtNT 
CIRCUIT REACTANCES, AND THE SCATTERING PARAMETERS OF THE 
INDUCTIVE STRIP USING A BASIS SET OF SIN AND COS FUNCTIONS. 

THE DIMENSION Or THE MATRIX IS = 12 

RESIDUE (ACCURACY) = O.OOOl 

j-£gLlNE PARAMETERS FOR THE X-BAND WAVEGUIDE (3.0 TO 12.0 Ghz) 

EPSR1 = 1.0 EPSR2 = 1.0 EPS R3 = 1.0 

Hl/D = A. 5 H2/D = 3.3 B/D = 
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0. 100 
O.2C0 
0. 5C0 
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5. CCC 
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16. 000 

1.000 4.000 

T OVD 
0. 050 
0. ICO 
0.200 

0. 500 

1. OCO 

2.000 

5. GCO 

10. 000 

16.000 

1.000 4.000 

TCVD 
0.050 
0.100 
0 . 200 

0. 500 

1. CCO 
2. OCO 

5.000 

10. 000 

16.000 

1.000 4. OCO 

TO VD 
0.050 
0. ICO 
0. 2C0 
0. 500 

1.000 

2.000 

5. OCO 

10. OCO 
16. OCO 

1.000 4. OCO 



D/L 


LPR/L 
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1. 747 
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LE/LPR 


0.01 2 
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0. 02 5 


0. 380 
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0.389 


0. 12 5 


0.409 


0.250 


0. 425 


0.50 0 


0.444 


1. 25 0 


0. 458 


2.500 


0. 460 


4.000 


0. 460 


0 .0720 


1. 574 


TOV W 


LE/LPR 


0.012 


0.355 


0.02 5 


0.361 


0.05 0 


0.371 


0. 12 5 


0.390 


0. 25 0 


0. 409 


0.500 


0. 430 
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0. 447 


2. 50 0 


0. 451 


4.00 0 


0.451 


0 .0762 


1.461 
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0.342 
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0. 417 
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0. 438 
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0. 443 
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0. 332 
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0.338 


0. 05 0 
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0. 321 
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0.185 
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0.251 


0.4o 0 


0.255 


0.460 


0. 256 



LO/LPR 


XS 


0.500 


0. 645 


0.500 


0. 595 


0.50 0 


0. 52 9 


0.49 1 


0.443 
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0. ^32 
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0. 318 
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0.317 



LO/LPR 


xs 


0.500 


0. 7o6 


0.498 


0.709 


0.49 7 


0. 634 


0.43 9 


0. 523 


0.480 


0.446 


0. 4o 6 


0. 3 96 


0.44 8 
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0.432 


0.43 5 


0. 432 
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THIS IS THE FINCAV PROGRAM TO DETERMINE THE RESONANT 
LENGTH OF A SINGLE FIN-LINE RESONANT CAVITY, THE GUIDE 
WAVELENGTH, ANC THE EQUIVALENT REACTANCE OF THE SHORTING 
SEPTUM (INDUCTIVE DISCONTINUITY) 

THE DIMENSION OF THE MATRIX IS = 12 

RESIDUE (ACCURACY) = O.OOOl 
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Figure D-2 Resonant Lengths for the Single Fin-Line Resonant 
Cavity for w/b=1.0, t/D=0.2, 0.5, 1.0, 2.0, 5.0, 
10.0, and 16.0, D=0.1 inch, e =1.0, and for 
8 through 12 GHz r 2 
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APPENDIX F 

NUMERICAL RESULTS FOR THE SCATTERING PARAMETERS 
OF THE FIN-LINE INDUCTIVE STRIP 
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I Sul V.s. Frequency for T=.02 inch Inductive 

Strip, w/b=1.0, and e =1.0 
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Figure F-l 
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Figure F-2 | S^-jJ v * s * Frequency for T=.05 inch Inductive 

Strip, w/b=1.0, and e =1.0 
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Figure F-3 | S^l v.s. Frequency for T = 0.1 inch Inductive 

Strip, w/b=1.0, and e =1.0 
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Figure F-4 | S^| v.s. Frequency for T=0.2 inch Inductive 

Strip, w/b=1.0, and e =1.0 

r 2 
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FREQUENCY IN GHZ 

Figure F-5 | S^| v.s. Frequency for T=0.5 inch Inductive 
Strip, w/b=1.0, and e =1.0 
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Figure F-6 l s 11 l v * s * Frequency for T=1.0 inch Inductive 

Strip, w/b=l. 0 , and e =1.0 
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Fiugre F-7 0-^ v.s. Frequency for T=.02 inch Inductive Strip, 

w/b=1.0, and e =1.0 
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Figure F-8 9^ v.s. Frequency for T=.05 inch Inductive Strip, 

w/b=1.0, and £ =1.0 
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Figure F-9 



0 v.s. Frequency for T=0.1 inch Inductive Strip, 

w/b=1.0, and e =1.0 
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PHASE OF Sll IN DEGREES 
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FREQUENCY IN GHZ 



Figure F-10 0^ v.s. Frequency for T=0.2 inch Inductive 

Strip, w/b=1.0, and e =1.0 
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FREQUENCY IN GHZ 



Figure F-ll e v.s. Frequency for T=0.5 inch Inductive 

Strip, w/b=1.0, and e =1.0 
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Figure F-12 0 v.s. Frequency for T=1.0 inch Inductive 

Strip, w/b=1.0, and e =1.0 
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Figure F-13 |S 21 I v.s. Frequency for T=.02 inch Inductive 

Strip, w/b/=1.0, and e =1.0 
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Figure F-14 | S 2 -| I v.s. Frequency for T=.0 5 inch Inductive 

Strip, w/b=1.0, and e =1.0 

r 2 
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Figure F-15 | S 2 i v.s. Frequency for T = 0.1 inch Inductive 

Strip, w/b=1.0, and e =1.0 

r 2 
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FREQUENCY IN GHZ 



Figure F-16 | S 2 -j_ I v.s. Frequency for T = 0.2 inch Inductive 

Strip, w/b=1.0, and e =1.0 

v 2 
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Figure F-17 | S 2 ^ | v.s. Frequency for T=0.5 inch Inductive 

Strip, w/b=1.0, and e =1.0 

v 2 
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Figure F-18 



|S | v.s. Frequency for T=1.0 inch Inductive 

Strip, w/b=1.0, and e =1.0 
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Figure F-19 



0 2^ v.s. Frequency for T=.02 inch Inductive Strip, 

w/d=1.0, and c =1.0 
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Figure F-20 62 ^ v.s. Frequency for T=.05 inch Inductive Strip, 

w/b= 1 . 0 , and e = 1.0 
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Figure F-21 0 ^ v.s. Frequency for T = 0.1 inch Inductive Strip, 

w/b=1.0, and e =1.0 
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Figure F-22 



9^^ v.s. Frequency for T=0.2 inch Inductive Strip, 

w/b=1.0, and e =1.0 
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FREQUENCY IN GHZ 



Figure F-23 0 2 ^ v.s. Frequency for T=0.5 inch Inductive 

Strip, w/b=1.0, and e =1.0 
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Figure F-24 v.s. Frequency for T=lsO inch Inductive 

Strip, w/b=1.0, and e =1.0 
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FREQUENCY IN GHZ 



Figure F-25 j S | v.s. Frequency for T=.05 inch Inductive 

Strip, w/b=0.5, and e =1.0 
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FREQUENCY IN GHZ 



Figure F-26 | S^.J v.s. Frequency for T = 0.1 inch Inductive 

Strip, w/b=0.5, and e =1.0 

r 2 
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Figure F-27 v<s * Frequency for T = 0.2 inch Inductive 

Strip, w/b=0.5, and e =1.0 
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Figure F-28 
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Figure F-29 v.s. Frequency for T=.05 inch Inductive 

Strip, w/b= . 2 5 , and e =1.0 
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Figure F-30 |S | v.s. Frequency for T=0.1 inch Inductive 

Strip, w/b=.25, and e =1.0 
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Figure F-31 | S^.J v * s * Frequency for T = 0.2 inch Inductive 

Strip, w/b=.25, and £ =1.0 
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FREQUENCY IN GHZ 



Figure F-32 |S v.s. Frequency for T=0.5 inch Inductive 

Strip, w/b=.25, and e =1.0 
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Figure F-33 |S-^| v.s. Frequency for T=.05 inch Inductive 

Strip, w/b= . 2 , and e =1.0 
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Figure F-34 |S.^| v.s. Frequency for T=0.1 inch Inductive 

Strip, w/b= . 2 , and e =1.0 
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Figure F-35 |S v.s. Frequency for T = 0.2 inch Inductive 

Strip, w/b=.2, and e =1.0 

r 2 



117 



MAGNITUDE OF Sll 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 



o 



. 


E 


1 


E 


= 


J 


] [I 


5=^ 


1 — E 

























































































































































































7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12 . 

FREQUENCY IN GHZ 



Figure F-36 | S^.J v.s. Frequency for T=0.5 inch Inductive 

Strip, w/b=.2, and e =1.0 
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Figure F-37 |S.^| v * s * Frequency for T=.05 inch Inductive 

Strip, w/b=.l, and e =1.0 
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Figure F-38 | v.s. Frequency for T=0.1 inch Inductive 

Strip, w/b=.l, and e =1.0 

r 2 



120 



MAGNITUDE OP Sll 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.0 0.9 



a 




FREQUENCY IN GHZ 



Figure F-39 | S .J v.s. Frequency for T=0.2 inch Inductive 

Strip, w/b=.l, and £ =1.0 

v 2 



121 



magnitude; of sn 

0.0 0.1 0.2 0.3 0.1 0.5 0.6 0.7 0.8 0.9 



a 



5 


3 £ 


3 L 


3 fc 


i s 


3 1 


3 


E 


F=E 

























































































































































































! 1 1 1 1 1 1 I 1 1 

7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 



FREQUENCY IN GHZ 

Figure F-40 | S.^| v.s. Frequency for T=0.5 inch Inductive 

Strip, w/b=.l, and e =1.0 
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PHASE OF Sll IN DEGREES 
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FREQUENCY IN GHZ 

Figure F-41 0 ^ v.s. Frequency for T=.05 inch Inductive 

Strip, w/b= . 5 , and £ =1.0 
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FREQUENCY IN GHZ 



Figure F-42 8 v.s. Frequency for T=0.1 inch Inductive 

Strin, w/b=.5, and e =1.0 
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FREQUENCY IN GHZ 

Figure F-43 0 ^ v.s. Frequency for T = 0.2 inch Inductive Strip, 

w/b=.5, and e =1.0 
r 2 



125 



PHASE OF Sll IN DEGREES 



a 




FREQUENCY IN QHZ 



Figure F-44 0 ^ v.s. Frequency for T=0.5 inch Inductive Strip, 

w/b= . 5 , and e =1.0 
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FREQUENCY IN GHZ 



Figure F-45 9-^ v.s. Frequency for T=.05 inch Inductive Strip, 

w/b=.25, and e =1.0 
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Figure F-46 9 ^ v.s. Frequency for T=0.1 inch Inductive Strip, 

w/b=.25, and e =1.0 
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FREQUENCY IN GHZ 



Figure F-47 9 v.s. Frequency for T=0.2 inch Inductive Strip, 

w/b=.25, and e =1.0 
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FREQUENCY IN GHZ 

Figure F-48 0 ^ v.s. Frequency for T=0.5 inch Inductive Strip, 

w/b=.25, and e =1.0 
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FREQUENCY IN GHZ 



Figure F-49 0^ v.s. Frequency for T=.05 inch Inductive Strip, 

w/b=.2, and e =1.0 
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Figure F-50 9^ v.s. Frequency for T=0.1 inch Inductive Strip, 

w/b=.2, and e =1.0 
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FREQUENCY IN GHZ 



Figure F-51 e v.s. Frequency for T = 0.2 inch Inductive Strip, 

w/b=.2, and e =1.0 
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FREQUENCY IN GHZ 



Figure F-52 0 v.s. Frequency for T = 0.5 inch Inductive Strip, 

w/b=.2, and e =1.0 
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Figure F-53 



0 v.s. Frequency for T=.05 inch Inductive Strip, 

w/b=.l, and e =1.0 
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FREQUENCY IN GHZ 



Figure F-54 9.,^ v.s. Frequency for T=0.1 inch Inductive Strip, 

w/b=.l, and e =1.0 
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Figure F-55 0^ v.s. Frequency for T=0.2 inch Inductive Strip, 

w/b=.l, and e =1.0 
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Figure F-56 9 v.s. Frequency for T=.5 inch Inductive Strip, 

w/b=-.l, and e =1.0 
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APPENDIX G 



FINCAV : PROGRAM LISTING FOR THE SINGLE 

RESONANT CAVITY 



*************************** *************** 
* ^2 



* 


1 1 o 


o< 




Q • 


O 


3 


* 


•UX -4 1 


X 


-^UJ 


O 3 


• U »— 4 


3 


* 


>XUJ<X^»— X 


Qk 


XX 


2 UJXX 


a xqx a 


3 »-4 


* 


<q>i-<ujo 


2 


lUh- 


•Qnijh 


QCiUNLUH 2 


> 300 


* 


JCO*-»UJ f/ )LL 


<x 


J— 


<*-lLL *— 4 ^ 


3 X H-oX< 


-O < 


* 


h-XO *Q 


tu 


3 • 


jQh Xh 


^(-LLU'ULU 


03 < 


* 


LULUOO 0 >o 02 


—If- 


QQ 3 LL < 300 200 UJ.JJ 


03022 


<Nih-C 3 


* UJ 


QX 3 UJ— »CQZ<J< 


s-nqzszh mixou. ocajza 


JM<^UJ 


* o 


*- 4 h-*OOU- O 


UJ 


1 — 2 


CD<t~Sii:a.x^b- 


hOhH 


UJJON 



O 

< 

UJ 

X 



* 

* 

* 

* 

* 

* 

* 

* 

* h- 

* 2 

* UJ 
*33 
*X < 
* 3 :> 
*K^ — » 

*o 3 

*30 

*X 3 

*H- 

4 ^Q 

* 2 
* 2 < 

* Q 

* — *X 
*</>!— 
*ooO 

*ruj 

*ooo 

*2 

*<UJ 

*X<-> 

*i-:X 

H-* < 

x * 32 
’ll* 20 
•.*— »00 
u. * 03 
UJ* I X 
a:* 2 
x*— •> 



< 

IU 

Q 

• 

O 

X 

o 

3 



a. 

o 



x 

a; 

o 



CD 

a: 03 

aio> 

LL «— 4 

LL 



•* 


LLb- 


3 X 


o* 




30 


^* 


> 


X 


* 


< 


•< 


* 


O 


U .2 


* 




a 


* 


3 


xo 


* 


3 


0.3 


* 


O 




* 


2 


«• •• 


* 




003 


* 


OO 


QCh 


* 




o< 


* 




XQ 


3 * 




»— 


a* 




3 


3 * 




< 



3 2 Q -4 0 U-X 

j 3 Q^»u<ujh- «ao 
Z^ZHaiOO 
3 < ’- 4 <-« 2 <foO l U 

2 2 JQOV 3 203 
-» *o i luo. ii a 
o>h- 2 ujq -*a 

| h-Q-^X oOt—oOh— 

2 — « 3 LLH-oO— »o 02 

— *>00 2c/)ZUJQ 
UL < UlOO<Q2:UJ 
OOK^rQU-t^ 

3 2^-QH- XOO 
I»-— • JUU. UJ 
HZhH ZQH>-I 

<XOQ 3 3<3 
32 Q 32 lLXooxoo 
huij< uj a: 
<00003 COCO *<oo 
03 ooh— — 42 *^* — 4 

3 X 3 OOoOOOLU 
O X * 3 < 2 - 4 X X 
031 — 3 X 0 H ■ UJ 
<o 2 lu UJ II £ 3 

uou.HhiL x 3 X 

ZOhZO^'JJO 

a— I 3 h uj 2 

v— o 030 XOQ <3 
uoiu.iiiha:ii 
0<2 03 QUh 

UJ <00 2 -J^ 

2 U.H-^oOO< «ll 
oquiujzxokh 

<h-*-f 3 — *oO 

oOXlU OUJUJX<UJ 

3 h-x 32 X olu j 

QO C/JLUJ— (XrH^jcQ 

2 V -33 UJ < 
OOUJ 2 OKQZhH 
— « 03030 X<< (X 
3 h-XOOX < 
3 »-< LLO h- **> 

22 > • ujx O 
*-• <^-^Ooo*-»ai • X 
h 23>2 o:ujoh 
3 UC 3 f»— < »hgOQ 
Oooluh* 3 <c*o 2 
X 3 3 ooox<hO 

QCOZoiJ -J X 
00 2 ^UJLUU 4 _^ II 
*— * ^HH^IOO UJ 
IXQZllj h- 3 h- X 
hhzaxz oooh- 
000 < 20 H, Z 
2 a^a: 02 HQQ • 
, JJ 00 m<Ih<UZO 
jcuQa^HSNi<cvj 



I— «^OmJO.hGUJ ZQQ X< — « 

XOOH-UJ^X OQH-U-^G^UJ I JJ A3 2^-2 

h-Xoo— toaioouj_i 2 QUJOo 2 Xi— 20 ~XO< 

MMQJOUJSZJ -« A 30 O *>0 ooOCL'J) 

2 LLX 2 < 0 — » 3 iU— UJ 3 OOQ-IJJUJ 200 UJ 22 X 

luuj^qcu ^ix<hQSia:v -• *-40 

</)uji— ocoq-^QiijOju xoi--* jj a: 2 

aXZOf 032 < 000.0 OU-X V-^|UJOO 

ZhMLUQ<t ^Z^>XZ I X | Oh- UJ x— * 

a ^hiQuunx oxxxux 

-J •U.LL •— igQ'^ 3 '— ►— 3— 4 3 lU XU- Ooo O 

00 O liS^a: QXXH- 2 'JJH-iu^a ujijj #2 

- JJ ^ 2 X 2 XX OX co< 

UZ^IQJ> 0 (X 2 h-»-«H-LUl— h -»3 UJ 2 

Q— iXf-O *0 | — t Q **0 2 <H- UJH-QX 

• ^h- XX XX22UJ3iJJXOLU2< 22— »< 

OOo: H—l H-3— *23X00.0 X 

LUQO— *UJ<0-HLU KLL^QH 2 3-4 

X3X3::> 20 X 00 - XX ooi-x»- 

31—3 C'/H'J h- X 3 QQ.O.U.X 02 H-LO • 

I— 0030 . MJLIJ h-oOl— a< I 3 UJ 2 
OUJoO <2 iuXll <X ^NZI O 

32 OOQ->^aoOOQQUJH-ar QOX— ♦ 

X 2 mQ< *-»ujlu 32 oOooXO. TCOh- 
I— LUUJ^h-O JCU-h- MOOZ 2 ^ h -»2 <<< 
o 03 !>*— »<o Q 2 X— « 3 <— »<-oujXOujujq^ 
a: lull a: uj 300 o 21 Ooo uj 

OX oO LUoOOh- 2X<oO\UJ3l— 3 | Xh— 

>— «h- OJhMMOQ<Z M JlO X^'^o— • 

2 OX— *X 330 . 3 X h- «*- - 4 U. 

IUL2H- hOQtooOI • X2 XX X 
i— o< 2 ao 20X3—0 •*— l— »oo 
— < X<2QXo<>0 XH-OX— *02 3X 

xooooo Miua i — »lu<o i— i— -j 2 h< 

Of-LU^oOX^ XXXUJ 2 X<OLUUJhh<LU 
Olo 23 — •»— — ‘X f^h- o03~ 1 22— *X"CXoo 
0~»— » —#033 OX 3U.^h IU 

<^Hz^z<zia:^j h-oouL — »2X 
2300 X2I—UJUJ <>—<—» OQ2UJO 
OO— »a •0^-4 h>72Tt^H7 (J)< 

OcrTf— 0 <J 0 U-LLOO< « rV< •» LU 
< QZLUQ< — » 2 < 2 f— UJOO 

XXac :— 3 X 2 H -0 U-UJo 
<OLUUJXUJf— UJ •OOoOU.OUJUJQO O 
(Xoci— o<x ara^Luiua c^oollooo 
0 <— »U. II— 00 <UC.|— 00 <x OOOUJUJUJX 2 
auj CD's, lu ouj <>— 4 h-h- - 4 a:cc— • 

QCoO 2 ^ Qai CO ON £X 3 O 2 Z oQ U. iuUJQ 
Q. <2 -O 300 lu uj<uj— iuj X »-2 

Q ^V-LL< Qh-UJNZZQKOh O cC •• 

LULUOO 00 OUJf— — •O*-*— 4 LU< 0 — » h-O. UJI— OOLOoO 

XQmOluI x Q.JSJ>UJq< «OoO X 0<02 

H-Q 2 rX 0 X»-a 22 <cx:ujQa:H- 03 LU H-UJ JO 
luo. Olu a: o o<— » 2 uj — »OjOqc jx’-Uj 
0 DOOH<hQ oOQC>— LUr-HQUJLUOcX LUQC — »0 

XOLU 2 UJXXOOO OujXrH | o— *a :0 — *QU.O 

UJOOO— * 0 O 2 <l— — 4 < 2 QH-OXLUU- 0.0 OLL— 'U- 



LU O H(J 

o i llzo 

- 4 X 0 — 

LL— • LLO. 

’X^-OJJJ 
< LUOUJ 
h-* LU*— ^ X 
<IUUJh 
QhZJ 
UJ 3 LL 
Q^LL 3<0 

lUQ 3*-4 

H- UJa £0 
LUoOLL <2 
2 H- >LU 
<000 
(X — 4 2 LU UJ 

<oo<XX 

0.2 ^h- 

a - 

WO<^ZH 
3 f-^< 

Q .<7 
Zh<on 
— 4<L-UJX 
Qf /333 
2-*0 
^OXLL 
300 
Q. 0000 
20 LU*-t 



^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 



139 



INPUT DATA FILE 





•# ■» 
A 


4 4 4 


4 * 444444 




4 4 

A 








4 UJ 






• 


0 


LO 










m 






4 X 






X 


LU 


UJ 






— • 


4 


•k 






4 H* 






0 


X 


X 




2 




4 


°4 






4 






LU 


-J 


0 








4 


•X 






4 LL 






X 








< 


< 


4 


hW 






*a 








U- 


LL 




LL 


h* 


4 


D 






4 






ro 


u 


0 




0 


U 


4 


cO*-t 






42 














< 


>4 


4 


2 U 






40 






04 


UJ 


Xiu 








4 


f 3 X 














H— 


h- f— 




X 


X 


4 


*-h 






* 1 - 








< 


O^t 




LU 


•JJ 


4 


OO 






4 <t 








X 


2 X 




x> 


> 


4 


UJ 2 






4 2 








♦— « 


lU»-« 




0 


n 


4 


X 






4 *— • 








H— 


Ol— 








4 


a 






4 X 






O 


LO 


:_UO 








4 


X 2 






4 x 






1—4 


•XI 


>LU 




0 


O 


4 


a< 






4 LU 






O 




<£ 




*— t 


►-« 


4 


u. 




X 


4 H- 






UJ 


H- 


2 L- O 




h— 


h 


4 


LO 




O 


4 UJ 






X 


LL 


-u 0 




<1 




4 


OOQ 




h- 


4a 








UJ 


^LUliJ Q 




X 




4 


1— »x 




CL 


4 






O 


O 


OQh 2 




ZJJ 


X 


4 


20 




LU 


4 0 






LL 




Zm <t 




o<< 


O 


4 


<to 


LU 


O 


4 < 








LU 


UJ OUJ 




LO>> 


LO 


4 


H»Ol/> 


0 




*0 


LU 




LO 


X 


JOX 0 




XX 


OH*. 


t/> Xlo 


1 -^ 




4-1 


tuj 




h- ■ 


h» 


'USh 0 




LLLUUI 


U.-J* 


22 H-X 


0 


a. 


4 x 


OO 




2 




>X H- 


X 


□Hh 


QO* 


ooooaaQH 


0 


M 


4 UJ 


CQ<X 




< 


X 


<lha:JU) 


h— 


22 




<*4 


LULUO^^O 


'JJ 


XX 


4 X 




X 


H- 


a 


200 LU 


O 




b- «-»4 


►— 2 »— » 


> 




* 0 


k-^X 


H— 


O 


LL 


2 LLOO 


2^ 


•— • 


^•X 4 O 


OOOh 2 


< 


o<-^> 


* 2 


x< 


O 


2 




LULU 2 *"» 


LU 


XXX 


X <4 O 


Z 2 ^a 


2 


2 


* 


<t> 


♦—4 


O 


LO 


ooo<x 


O 


HUU 


-f >4 • 


UJLUXO<X 




LULU 


40 


> 


2 


00 ox 


< X H- 




oxx 


O 


4 X 


OOf-Q-OO 


X 




4 2 


X 






s\n: 


XUJXO<t 


H— 


<t< 




X 4 J 


3 aro H- 


<LOlU*-l 


4*-h 


XX 


X 


OLULUUJ 


looluox 


2 


UJiJJLU 


LUX 4 • 


ujuJlu 22 <X 




4 H- 


xo 






2 t- 


< 


XLOO 


X 040 


XX— *»-*•-* lu 


OLU<XO 


4 O 


OLL 


01— x<< 


LU< LO UJ 


2 


h» 


UJH-LL 4 LU 


LLLLLULLLLlO 


0220 


40 


LL LO 




OHZ 2 I- 


LU 2 >-LUX 


O 


UJLUO 


04 X 




2 X 


O 


4 LO 


02 


22 Umh,o 


XOOOh 


00 


Ox X 202 4 O 


000000 


<OUJ 2 


4 UJ 


2 < 




LULUOOO 


LLOOO«-I 


LU 


2 WH< 2 <t 4 • 


lulu lulu lu 


HhCJm 


4 X 


<cxqu.-j_jqcqs:q 


NujQXX OX 




H»*-hX 4 O 


fsJh 4 LUfS| fs J^N 4 


IOK 


4 


•qCH'sNUJluQOOQI oiOhQsN 


l—ULLLOl— H -4 UJ 


ll—l 


h-LUl— Q-LU 


»uiX)- 


IX>>-<QOa;st- 0C< < 


LOL^ 


looq<o 


4 X 


JJhJJJ 


QX 


</>x 


00 Xt- . 


hh<auDai(Oiua.tz^i 3 


LUO 


• 20 : 


«►-<«*< 


*-» O 


> H- 


2 K- 0 - >4002 


hZX OUJUJ>OH-f-XO> 4 aOi 



XX-IXXX 

OQlUOQO 



O 

N 

CO 



2 ll^iu O 2X- lUZ2o:OlUHa:iiJ^220 3M»-. O- hh *qoO 

Q a: LULL *-»LLUJ- LULULU>aaUJ2— I LUX^OXXOCXXl— < V-</>2C\JC\J 

CL |-X a t-O-J QXXUM»-»M2UJlUa.2H2UU •-•'-••-i 0<LU0 - - 

<xou. aiu <HKhzj>az lui-^u.^oooi-luxxxoo 

OMU X 2>*^'.UrNlLUUJQ.<t'-»H-4*-i <t HliSIIOZ 02rsj<*uj •CNJCU 
C5JIIJ- ~02 pnJ*- • OOco_|lO</> L-2UJ n~»-V- <f X X rr* <t _J aC 
2^uj O LL<<«-*0 luOOLLZ H-LL Q lUHD^HhJU -^luox 

HUJH<M lJjX2_J<OOOIXCLa.a<LU<OX St^^tXU^<LUJQJJ 

LLXOQ3 QXO<XOOIU 2021 UJ 200X2>-«>-» 2XO>X 

ro oloxxiuujx 11 zzxnMMyQahhiuazxhaa: 002 2 

|| || II X II LULJLU£Xa->>LL IQC Ol 0,0. X 00«J-ICX OLJ 

<t J^(XQ2«S^U.U.Q:aJO^Q:Q LULU2 *-2:a 2-JCLX*-*»~» 

2 220 • h-X LUH- ■ l| 00*-i || X H cQOUJLOO 

04 II II < (I < II II II lO ll < 022 

X II ll X 2 II II II H- I- — J 1 JJ lu lu 

O r|QQ O X~ LOXX II loOXO-XX 

0<02 — IX>> II 0>0 II LUOOjcO 2*—* 2 «UJZ^h-i 

LLH»>tooa >ouj Q5>»asruOh>a:HQQ 

jaiooQaH(\jjao.Q:Ha:ooonojQ:^oiu4 

<OICOa3QUJXXJJ-JJ-JaaHH-«XXXXNN4 

4 
4 
4 

00000000000000000000000000000000000000000000 



O 


200 JH 


0 






<t II 


<*< *KM 


LU 


M 


OOCNJX 


X 


XX 


cQaQ •> 


LU 


<0 


SXH • 


X 


>0 


«xo 




40 


JJIOVDQ 




4<t 






4 


OOUJX2I— » 




4 






4 



II 

•-» II II II II 



140 



O 

-J 

u 



X 

O 



u. 



o 

< 



a 

> 

o 

*» 

Q 

> 

O 

(Nl 

X 

•* 

a 

> 

a 



LU 

X 



cC 

a 

a 

—« CO 

CO X 

2 2 

UJ < 



oO 



< 



X 




X 


qc 










co 






X 


»— « 


oo 


X 


X 


rO 






0 CQ 






« 


Q 


2 


X 


o 


0 CO 






0 > 






m 




O 


2 


Q 


— oO 






0.0 






os: 


2 


o 


*-« 


«— i 


M>aQ 






xco 




ro 


00 


a 






OO 


► »xo 






« •» 




X 


X— • 


a: 


2 


X 


X 


rH °0 •* ► 


oO 




CMQ 






aia 


X 


O 


o 


QC 


11 HOSJQ 


QC 




aO 




O 


•» •» 


0 OQ 


i— • 


ad 






X 




oOQ 




X — 


NO 


22 


X 


< 


> 


• **ooO 


X 




Q-C\J 




X 


cL 00 


o< 


< 


X 


o 


O.CVJ 


X 




XX 




a> 


cO*-»CQ 


o 


X 


00 


<* 


HWli^X 


X 




► ■» 




oo 


— 


rvl aC 


x 




QC 


•* •> 


<t 


X 


XO 


>* 


a 


Ogooolucniq 


►UJ 


O 


X 


3 


*-<*hHQhm 


•QC 


X 


QC> 


QC 




^ *02 


H-Q 


oo 


<x 


O 


JJoC>CDQ< 


Q 


oo a 


—X X 


2 > • 


^>■<1 «»■ 1 * •* 


000 C 




X 


o 


»^a»a 


QC 


<Xx 


oo X 


^ao> 


joqqo:m_jqzo 


X 


o 


<TH 


ananno 


o 


IJJ-C 


oo •cOeviX 


*-*cq «o 




ao »a 


0 <QQIUT‘?H 1 J 






x xcn -h* o 


x* 


aaocLOsjaao— 




•02 


IQh 




X- 









QJhUJOQhXZ Ol-(NiO<HinuO<-*-— ^-^DOOOOOOOOOO<^H hO •*>> OQ 
SNNNN •• C\l*-ic\JX • «a C •QH(NOQOOhH(NOOOOOOO'Oh^a HQOcO^m 
Z2Z -KMro-ftnXrn X 200«*0 OOOOOOOHf-iNrO^HHHvf H^U®f\lZ II ^ ^>X 
UUUUUUUU^ <| «— • 11 II UJ »»••»***•,•, ^U‘NUm^ H II Q^H 

•— ii j x u ii oo ii o *•••.► ► •^vO'O'Ovo^'O'O'O’Ovuao: • ii u.ho)q sllx 
0000002:2222 ?: xx QLLnininmuMnH'-'-'-w^^^^wu<^oa > >*— 

Z2200G00VQ:»H>^>2X>a:2^^'-- ^OOXXXXXXXXXX II 10>(MOOIL>0 

UiUJUJ2ZS22LUiiQU.22^M<U.3H(QQQQQQ I — ♦— I — ♦— I — I — I — I — I — I — UJ i| 

22SX222J h Q2mOQhS2hO <Z<L<Z<X. <C<tLU > <> « > « * n i mmh<»im2 Q. Q-h- « >-« 

^♦H^Goooau^ooooojciuuQLUuJiULUiULUH^aiQiai^aicnii^^MrvKMua 

QQQOUUUO^Oo:UJXNlUXXlU<<Q:a:Q:(XaCa.H 3233222523 liQ i OOliJQ 



X 

CO 



Ql 

lO 



Ql 

co 



a 

vi 



UJ 

QC 



UJ 

a 



x 

CO 



O 

UJ 

Q- 

00 



o o 



141 















. 












OCVL = DOVLni 01 



J 

l 



LTS 



3 

3 





• 






m 














o 




3 






o 












>• 


>— 




CL 






X 












h-» 


— <4 










CM 












—1 


•— 




«b 






3 












> 


• 




> 






s 










LU 


<t 


o 










—1 










3 


o 












o 










X 








x 






X 






o 




LU 


LU 


* 




< 
















> 


X 


— . u 


o 


at: 






oo 






o 




X 


«— • 


> 


> 








X 






h- 




a 


o 


—i 0 3 


a 


X 






3 










o 


X 


—ix o 3 


Q 


a 






o 






O 






t— 4 


< — LJ< 


CM •* 


Li- 






O ra 




3 


3 




a 


LU 


OX OL ^ 


HQ 


ra 




X 


3 














'(—u. X <H 


> 


X 11 




-J 


in 




a 








LL 


X I JJ CM 


OO 


H-X 




00 


X—* •> 






X 




a 


a 


O O 3 - 


I--S 


-*x 




a. 


Qhhcm 






O— * 


o 


IU 




30 X •OX 


•* 






UJ 


X OQC cm 


CM 


a 


00-1 


> 


o 


X 


H- — ZZX 


OCQ 


o 




^ 1 


x>>— -* 


* 


o 


Q.0C 


o 


—1 


h» 


— i/> 0‘~« h 


o> 






H-O 


o - -cm* 






LUX 


a: 


<t 


3 


h- «3 3 <y“> oOjJ 


Oh2 




zx 


H 


— « 




* 4 


CL 


LL 


X 


— <t 1— a. < 


"2QhH 


a* 


-H t 


oc£* j 


a: 


xo 


•— 1 


o 




LU 


^ ^ # XoZZ- 


• 


ox • 


r^» 


Q0C2^)XXH> 


> 


oo 


mo 




X 


o 


hqjzxiti — i— o-i* 


o~ 


xs: ti 


m 


CLX OiU'-*'— a£ 




CCrM 


• X 




o-> 


GOQuiX— < «0 O'— rr' n 


•oa<j 


m 




O0O0rHrH>X 


X 




o 


aCO 




•> • xx • «x *< • 


OOhqcx 




0.300 1 < 


< 


LULU 4* 3* 


o 


<rH 


ZhQQlOJq: II O r- u 


ujin 


o 


o 


amiu OOnX 


X 


WOcC 


•in 


3 


LUO 


< ii h-:>*-*xx Ho:a<y) ;i 


• •! 


U-OoO 


o 


—• • + oc£a£* u- 


H- 


•LUO • 




oo i 


xu- ii n x ii ii a ^ 


J'OQq'-h 


• 


ai + HGQ.a4 


<#■ 


u-aih-x ii 


soao so— i 


CD*— »Qt— O II IIO « .lLV— 




a. 


• II *■ 




Oq£*— — 1 


CC’-HQLU*— * 


1 ox 




1 — 


oo 


>*— < oOXLUO — 03 



Ohio *o-*m2! ii hxxo. _ju-»a:aujo o n cr:>aiuo 
ai— aco< • noa:xii tiMjj>HXhhXQHoixa^ 



lu o lu lu oo o ll > o ct: <x 3 i - • u u. 



iUm“> II 


0OLU> «. IH 


i oo 


<t II 


<t II 2 — uj 


— OCb^^t 


Dm 


X 


LU 






fNJLUQC HaQ.H OCXLUC<^LL.ULHXOUJOLULLh— LULU3LXOa.XO*-*QC UJ 


H* 




— j 


£rujxxujHiajx;xzuo*H(Xxua 


X — • 


HjJZOh JSOH-OO 


X 






0^0 1— 


h- 


H-l 


3 


3 


a: 


a 


3 


XLL 


— » 


LU 


'X 


Oh-X 


< 


1— 






o 


OO 


O 


a 




H* 


o 


LL*- — • 


O 


3 


CM 


CM 


LL 






ox 


X 


< 


LL 


a 


3 


a 


* 






UJ 


LU 


3 


3 


O 




X3X 


3 


cC 


* 






H- 


1— 


Q£ 


a: 


3 


o 


3 3 


O 


3 


—I 


—4 


00 




*— • 


< 


< 


3 


L/") 


c£ •• a£ 


< 


3 


a: 


O 


LU 


cx: 


cC 


LU 


LU 


O 


JL 


^LL<* 


3*-1 


oo 


>CM 


>mh-<r 


in j: 




300 


LO 




LULU LU 




















3<M 


OOOCOO 
























300 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 



142 



2 




























































O 






0 
























II 


— 




tu 






— 




















O 








ad 


nd 


















— 


tu 




>• 




Ol 


IU 


















2 


0 




• 




a 


a 




















> 




h- 




oC 


cc 


















< 


•* 


CO 


LO 


>4- 


a 


a 


• • 
















U. 


0 


CO 


Ol 


iO 


* 




X 
















0 


X 


— 


X 


— 


H 




NH 
















< 


• 


ax 


•ft 


ax 


II 


11 


C2 


















0 


h-H- 


0 


H-h- 


X 


r 


1— - • 


— 














* 


:> 


2 


> 


2 


h» 


H 




2 








m 


01 






a 


a - 


0 


a • 


2 


2 


2>-» 


hH 


m 






CM 


0 




— 


a: 


or 


ad 


ox 


•» 


«> 


a 


a 


(M 








2 


UJ 


2 


CL 


h- 


a 


f— 


— 


— 




J2 








a 


< 


0 




O 


— 2 


0 


—2 


X 


X 


20 


a 


0 






H-* 


— 1— X 


a: 


2 


•» 


— 


* 


— •— 


h- • 


H* 


•ft<X 


a: 


h- 








— 0 - 


01 


<«* 


X 


xo 


X 


xad 


2 


2 


2 • 










a 




> 


O 


q:hjhj 






» 


■» 


— O 


cc 


a 






0 


OMULU 


2 




01202 


ZUJZ 


X 


X 


OH 


•— 


0 








cCnCCC 


O 




Q -O 


' • 11 


•ad 


• 11 


b- 


♦— 


■U 


01 








— 


0 0 


O 


•» 


adX>UJ 


X>iu 


2 


2 


01 O 


a 








— 


1 0 - 




00 


Oh- 


2 — 


h» 


2 — 






X * 


« 


— 




CC 


0 


m*-«Q 


GO 


i-aC 


-2 II 


• X 


2 II 


• X 


ado 


ad ad 


h-O 


cc 


0 




X 


0 


•o^> 


h-:> 


2UJX— 


Xh 




XI- 


OIO 


LUO 


0 


0 


• 




1 


H — 


—00 


a 


LUQH-CM — 


h- 2 


(M — 


1—2 


O'- 


a— 


LL - 


• 


0 




0 


•ad* c*h- 


Qh 


SiSQIJ * 


qis » 


ad 


a: 


a cc 


a: 


• 




X 


H- xcn*-» 


Ol 


LUO 


GH 


— X 


at— *x 


a— 


a— 


01 


at 


h- 




w 


0 + 


•0 — 


O — 


O • 


II QC2 


: •H-UI0C2 


•I— Ol 


•0 


•0 


hQ 


Q 


O 




</> 


•_J* 0 




OJH 


0 . «4-ZGQi * 


'l-2G 


oro 


•—4 CO 


2ad 


cC 


• 




ao*o 


a:x— it—o 


<0 




IhTO^, 


2^10^2 


f-H 


H 


<0 


a 


21- 


h- 


< + 


Ol'- 


(XOdOD 


LU aD 


X II h- O 


201 


-» h-2ad*-«OI 


II - 


II • 


2~ 


— 


ad oo 


O 


*ad 


h-«* Oslo • 


•» 


H-| 


202 




•oh- a 


O 


-0 


hS 


2 


>QLU 


LU 


muj 


hU>oXnO 


X43 


adx 


O — 






— 22 


X — 


x^ 


XadOOCad* — X 


X 


•f— 


— • 


iwoO>— 


O'— 



h-H-Os J<OU. O<0dU_ 
000 >— 

2 



0 *-^ujH*ajajh-ajLUQ^ajh-ajH»u • <f aj uj hhuj • 11 2 oK) 01 ad lulu 
Oh-02h-02h-0Olh-UJh-UJ>H» I! (MO II O It CM O !-</>< ad l-0MO<h-O 
>-»2 H2HQQQQ O 2 2 II 2Q0lh-0>-» 2UJ— »2 

QH-»inoii-<NnQc:H-»Lu 11 2 ad Gm^o: 11 LLadOH-»uoadH-iLu 



-*mn 




OhCHH-fTIjtl-QO II O II *XHHXHJn?HH «OX 


^HH 


-*»-o 


2 




2 


2 


200 2 ^ 


2 


2L0UJ 2 — 


2 


2 1 


22 


-a 




ao 


aa 


auj<o<a:au. 


aa 


ocu-aou. 


O 


ao 


a^ 


20 




oa 


oa 


UX0>0>QH 


00 


OUJ^OOH 


•—I 


OOh 


Gh 










h- 






h- 


a 


2 


0 














a 


cu 


O 










01 






0 


1 — 


O 


01 








f— 






a 


a 




1 — 








< 






LO 


0 




< 








0 












0 








a 






Ol 


01 




a 








0 






O 


h- 




0 








0 






M 






0 








< 






ad 


ad 




<x 


CO 


>rcM*-t 


m 


-00 


CO 


M* CM 


3 


inz 


VUQO 


0 


CO 


CO CO CO 


CO 


CO 


CM 


CM CM 




CM 


CM C\| 



0000000 



143 















# 


44444444444 


X* \ 














4 00 4 


4 


• m 


m 












4X4 


4 


1 — vO 












*^ 


4 U. < 4 UJ 


4 


X- X 


o 












4 Oat! 4 X 


4 


<LU^ 


o 










4 


4 h- 4h 


4 


ZOH 


o 












#h 4 


4 


s Oho; 


• 


• 


r-l 






* 


4 oal 4 il 


4 


</)oa 


II 


«• 


• 






* 


4 3UJ 4 O 


4 


uiox 


X 










* 


4 0«-* 4 


4 


q£ ^0 


3 


ii 


U 1 








4 OcC 4h 


4 


UJ 


oO 




*N 






* 


4010O4X 


4 


ujX'xi 


CL 


m 


- at 






* 


4Q.0341U 


4 


XI- X 


UJ 


Ol 


a. 






* 


4 U. UJ 4 X 


4 


H- 


«i 


00 


II 3 






* 


4 ct h# a 


4 


•k 


• 


a. 








* 


4 UJLUu.4 Q. 


4 


3>U. 


X 


IU 


O 


m 




* 


4 XX 4 X 


4 


ZHQ 


4- 


m 


"V 






4 


4X1-04 0 


4 




«• 


•k 


03 - 




UJUJUJUJ 


*4 


4^ •—•4 0 


4 


X>ui 


4- 


X 


« m 




oooo 


*4 


4 U.014 | 


4 


ac<o 






m 


<r 


ctcCQCac 


*4 


4 UJ UH# X 


4 


UJOX 


•k 




X 


o 


UJUJUJUJ 


-4 


4 X 04 


4 


h- < 


OB 




vO 


00 


>>>> 


-4 


4 H-UJUJ4UJ 


H— 4 


ULII— H- 




• 


•i 


X 


xxxx 


4 


4 X34 X 


04 


axo— 


II 


nT 


*“«3 — 




oauu 


4 


4 UJ <t UJ 4 ►— 


34 




u. 


• N- 




oooo 


4 


4 HO 4 


04 


azuj. 


oo 


• 


'tQ 






4 


4 <OTQ4LL 


04 


HOaC-* 




«• 


a. 


« 


oooa 


4 


4 3COUJ4 O 


cC 4 


00 > 








s - 




4 


43 h- 4 


0.4 


XUJH-^X 


11 


«• 


m - 




4 


4 OUI(j4 X 


O 4 


«ta: X 1 — • 




• o 




QQOQ 


4 


4 3XUJ#oC 


ULQC4 


ac aj3al 


V>(\l 


II ^oo 




UJUJUJUJ 


4 


4 <HQl#a 


XOUJ4 


OUJJZH 


- CC 


• X 


o— 


3333 


4 


4 O h#IL 


OCX4 


OX<H< 


UJOO 


o 


oomm4- 




4 


4 00400 


*-* Z4 


a:^>i~x 


OCCL 


V* 


X •oo 


<<<< 


4 


—4 ax 1 4 x 


hCH# 


Q — l~X 




<UJ 


rsl 


-• f^kOOOO-* 


U.U.ULU. 


4 


v-<X-» <QUai # 


i oaaj 


• 


X - — 


saUktxs 




4 


3!-» •»ac_)2>uj# 


>zaox 


OO • 


• Q -3*4- 


• x - 


^H(\jm4- 


4 


3#Q2tu*(-lUDOX# 


<•— 1 LU 0 OH- 


aix 


•*s« s • 


<x 


oooo 


4 


004UJOX4 ' 


-<U. f— 


OUL >-h 


1 


aim 


x ^ q r- 


m 


aoao 


4 


*4 X— »H4 alU. X 4 


X ajQa. 


H* •» 


O cC U* 


|V •• m 


0 : 0 : 0:01 


4 


34 Oh 4 UJ 


OOOU.4 


mhujX 


a 


UJ«-4 


- 0-0 - 


(\jam •* *kin 


0 . 0 . a. a. 


4 


>4*-»OU.4— tO- mQ4 


U.3H-UJ 


X • 


JXX 


03 *X XO 


>-H> 


4 


04 00X04 Ol^XH* 4 


o >x 


<^ 


•• S<(<) 


oo^r^rn moo 




4 


cC 4 33 4 3altU<UJ4 


aiZQH»o 


COL 


4* **0O * 


XoOtL - **X 


ULLULLIL 


4 


a 4 QU. K 00 OHUJ x 3X 


XhZH 




< - 


u.« ujom 


uj *mm 


oooa 


4 


34 XXU.O0CX3O 


Hoo<f o 


oo 


-a.- 


• • 


ftfX • • 




4 


^4 00 OO LUO 


UJO 3<t •— 1 


3 


X^ 


• 3^r- 


jmNN 


oooa 


4 


-44*-*- X *— »UJ3 0>H- 


oo < *ouir-uj|| 


LL3 


— • -U.UL- 


oialaia: 


4 


04 XOHXUJO < 


— 122 


•X 


ii mm ••'s.m - - •» • 


UJUJUJUJ 


4 


04 I1JUJQ.H- 


•HU.Q01 


► LLH*-« 




Om»^ 


CO *COXoC 


• XO «X XX 


^Nj^NjPvjrvI 


4 


0^4 70122 


QQniU<f 


iton<o>- 




C 3 \«k SfOCLNONNOOO 




4 


a .4 —• a: n •-•ol 


3<t X3 




i 


LUX^ 


S3; x -3U.cg>-u-cOcoin 


uraoeio: 


4 


M# hOUlta 


H» >H(1 0 



• • 

UJ OOOXXUJ3:ujr\4»-»Q- 

X U.U.U. OUJf-H-X 

— hu cor»<N» x*>o.« *-*• • 

H3 

ZZ «H*H» 

Om <<<*< <<<t< — <<H-<<««<<<t«/><<<*<t 

ohazzzs- • • ztzsHts 

XOo£oCfXa£ » • mcccdcax #<XCX 



^ m • — oaao 

X a: «a:x» Cd'Xrn m m liOULL^ULU- 
nr^ao' + oo + + >uj 
• • QU-U.ULC\4» u-m. - • oxxix 



4 
* 
* 
* 
4 
* 

_ , 4 

XXXXXXXXXX ujaiajujuj 4 
a£ a£ oc <x cc a£ ac oc cc cc X oo</w> co q 4 



#3 I UJ OQm^uJ 
UJ4 aoXQUiUJ tHQ 
X4ac^ o:o:^*-mu 

•—♦4 CDQUJUJ<^»~i^h_JULUJ 

H>- 43<X3300 3 

34 </>>•►— coo i ujiucq 

04 o <toxiuxx< 

Q£4</> LL>-» 



co^^^oa: ii 

QhaooaxxxoQOQ'tao* aoooooaoaa X4 34 x*h < 

OOU.LLU.U,^^^U-U.ULU.mu.U. MJLU-LLU-U.LLU.LLU.LLal •• •• ••UJ'* ^hOr>G 

.4 * 4- argm^iTi oih- 4 ai4^ 

fHCNJCOO^-IOJO OOOO OO' 0000000 ^00(^0000 COO 4 UJQ4 x 

cm moo oo oooohoooh(\jo:^^ 3 uj 4 xu.4X 

cvjro tfun'O'O'OcocoaocoaouJXXXX to*) 4 H- I 4UJ 

uj 4 4 



II 



it fl 



cC 
<t 
> 

^«*X4 

'-‘to# 

0tt04 
* 



ooooooo o<* ooooouuuooo 



144 













4 


##########■ ######### 














4 


* i/> # 






4 














4 


# 2 # 






4 














4 


#U-X< # LU 






4 














4 


#x 






4 














4 


# 3!H- #h- 






4 














4 


•J* t— • # 






4 














4 


# Oi'JcdQ# U_ 






4 














4 


# O 






4 














4 


* Oh->-iUJ# 






4 














4 


# a 


tu 


■u 


4 














4 


# 0Cu.r3ii.» X 


X 


X 


4 














4 


#a.oa #w 


h— 


h- 


4 














4 


# LLO# 2 






4 














4 


#a£:T ~.*0 


LL 


IL 


4 














4 


* LU QC UJ QC* a. 


a 


a 


4 














4 


* 2011- # T 






4 














4 


# 2u.i-o# a 


h— 


►— 


4 














4 


#*-~« r\ lu# o 


2! 


X 


4 














4 


# Z3J* t 


LU 


LU 


4 




u 










4 


* LU<ZUI* X 


3 


X 


4 


o 


2* 






— * 




4 


-»*ia:<t # 


o 


a 


4 


> 


a 






*-# 




4 


<\| •* h-H- Q# LU 


a 


CL 


4 


a 


CO 






a. 




4 


S # ••LU# X 


X 


X 


4 


CO 


•» 






CM 




4 


z>#uiacot— #►- 


o 


u 


4 


m 


a 






O 




4 


<✓># h-UJ — IO# 


o 


o 


4 


o 


> 






'V 




4 


••# <r lulu# a. 


1 


1 


4 


> 


o 










4 


OO # _J 0 £*-<q£#O 


fvl 


PNl 


4 


a 


cm 






3 




4 


LU# 33U.I-I# 






a 4 


<\i 


X 






> 


<-• 


4 


a:#oo o#x 


X 


X 


a< 4 


X 


•» 






a 


—Or 


4 


_l# -JLLO 1 # QC 


h— 


1 - 


LLh— LU 4 


- 


o 






CO 


—4 CO 


4 


•#<t — x#a 


XX 


X 


J'UQC!4 


o 


> 






4 


hX 


4 


-J# oluqc #u. 


a 




<~nIX4 


2 * 


a 






h- 


ox 


4 


># Xh-LU#OQ 


*-tLU 


LU 


24 


a 


-4 




x 


CO 


MU 


4 


O # OhUI # 2 


►-X 


X 


oC^-«4 


»— 4 


X 






2 : 


-J - 


4 


X 4 h- UJh-4 <QahQKQ 


IUIU 4 


X 






2 


a 


>o 


4 


0.4 -_J 4CCJ2 


-J -1 


>>UJ4 


» 


m 




a 


o 


a> 


4 


-J# Q2UJUL # KUJOU.UJLLUJ 


00X4 


cO 


a: 






X 


oa 


4 


••# luO O # •— «LLO ,_ *0>— • 


h-4 


or 


CO 




X 




-co a 


4 


X 4 2— *0 4 aCLL 


1 


LL LL 


XX 4 


co 


a^-» 


-J 


a 




O -CO 


4 


V-4 0*-LU>-4 LU 


COX 


X 


oau-4 


a.*-* 


LUO. 


V-> 




i- 


<enx 


4 


24^01-2*^0 


• QCOoCO 


hhQ 4 


UJCL 


► — 


COO 


H- 


20 


|->X-« 


4 


-# i/iZOUJ# i£h 20 , ^ 0 w 


h-h- 4 


* •» 


(NO 


2! a: 




UJQULIH 


4 


X •» UJXLU2# XaCLUiLaCiLaC 


<<tai# o^io 


G^LO 


oa 


X It 


M U 


C034 O 


4 


(—# QLLqCQoQOK-LUlOV-lOV- 


tZ32>o£n 


CO*— »030— J 


IXXX 


O • •— i ll 


4 


S* H4 2ltut£2020 


ZZJOOoImiO 



LLICMO •*— j 

^ - *<^a 



o«*<<r 

oOXXX 

xxx 

QC 



000-4-4 * 

□ IIU.C5S 4 

CO — I !•«- O 4 

S« «o 0 4 

a:^j2QcQa-*^ x *-<\i 4 

^fl.>a#>u. • «o <t cl^^4 4- — 4 

a(Moo^a hh^ x (\jr-»cj^o 4 

jujoQ5<a2H ♦ • ioi 02003: t 4 

2>>*N*x^cM^*-4ari-h- • - 4 aCXOO 4 

a^rsimmo »tuJ-iooH Xfoujcoai 4 

QC. OOUO r-4*-l • • • II r-4 11 || • ULI •» 

II jmtaxuzi QJJH23 4 

II >>< SU.jJSw22 4 

aaaoQ >aos hh o«3u.^a: 4 

JSXZS<2U.23:XHH2<00^^h-D 4 



^xrzth>H^^-z 
LUOOQOLUQOU-LLLLDQ 
QC OO O o CQ CO LU CO Q 



CO CO > I— -UJCMO 
<C0 *02 
LL LL O □£ LUr-4 - • 

xaoiu<ftfa:Hj 



— 4COCOQXO LUO<tlU<LU 
CN4 4 >-*- I O^UJO OC— IOC— I 

04 2XOHXUJOHUJh-aj 
0 4 LULU | *~»h- •-* 

Q^4^lULUrsj2 OOr/OotTO 

^ULLU<tUJLU!lJIU IU 

—•4 ^OV-XLLOl— >•-♦♦— — »h- QHKOiO -Q. (NJO 

4 0 l-UJ OQaCOcCOX2^DtiJOliJOQ 
LU 4 QUU.2QLUO Z>LUXLULUi~»XXV— 

X4aC>-0 Q£aC*-40aC0a£0 »-<^LU O^-H'Njcn 

•-*4 COU • *-4CL*-«CL'-»*:20-JCLlU<X000 

3400>2HOai LU I LU | OLUUUiUO-J^XX 
04 OLU <C0XUJIXIX2JXII< QOQ 



2hQ4 

OIU2T4 

OOCLU4 



CC 4 CO 
U^hhOOcC || 
04X^0- < 

004H-OXt>O 



~ Ih 



aohht-Mjxxx 
aco a:<xxx 

II II It <LUOOO 
II II >QCOOO 



a. 






QCV- 


4 


aa: 4 co 


X 


X 


X X f\| 4 


co 




i-l 


030 


4 


LU00 4 X 


*-4IN* 


IVI 


XI«24 








OLU 


4 


X 1 LL4X 


HX 


X 


►— V— XX O 4 








CO -3 


4 


h-fvl | 4 LU 


OLU 


LU 


XXX^c04 








tu 


4 


4 






4 


o 


• 




o** 


oooooooouoooooooooo 



14 5 



* 

* 

* 

* 

* 

* 

* 



* 

* 



<\| 



1 

2 







— * 




x 














— 


— 








*— « 




a£ 












— 


2 


2 








CL 




* 












O 


LL 


LL 








rsj 




• 




— * 


— 






> 


OsJ 


rvj 








O 




<N 


-* 


2 


2 






u 


X 


X 














o 


u. 


LL 








— ,u 


LU 








— 




■w 


> 


og 


rvJ 






-IV 


—or • 




•NJ 










4* 


0 


X 


X 








-HCO^J 


-J 


X 






> 




H» 


u 


— UJ 


UJ 


2 




-J 


HX> 


> 


UJ 






O 




CO 


sv 


—or » 




r>J 




> 


OXQ 


a 


^v 






co 




2 


— 


-HOO— 1 




X 




0 


•ujo: 


<x 


2 






-IV 




O 


-j 


-IX> 


> 


LU 




h- 


-J *a. 


CL 








h» 




O 


> 


Oxo 


a 


-IV 




-f 


>Q-J 


-J 


X 




2! 


CO 


X 


■w 


0 


•cua: 


X 


2 




• 


o> • 




JJ 












i— 


-J •a. 


a. 


cnI 




H 


QO'jO 


co 


-IV 




2: 


S 


2 


a: 


+ 


>00 


-j 


X 






► COLU 


Ul 


3 




O 


O 


CO 


CO 


• 


o> - 


•» 


UJ 






Q •X 


CC 


co 






X 




CO 


— * 


QOco 


CO 


* 




X 


<CQJ 


O 


X 




2 




2 


* 




•*XUJ 


UJ 


ar 






- 


m 


X 




a 




O 






O +cC 


a: 


CO 




H-# 


UJOQ 


O 


UJ 


H 


*— 






3 


X 


<0^1 


-j 


X 




CL 


CQJZ<* 


< 


-IV 


CO 


*— 


20V- 


> 


— 


V-> - 




X 


^4- 


Q<M 


•* 


h- 


r-4 


2-J 




0 




UJOQ 


0 


LU 


-H 


>0 


Qqlu 


UJ 


r- 4 


o> 


2: 11 11 


H 2 




CL 


CO jB <t 


< 


-IV 




o-» 


LLU-rvJ 


fNj 


O 


OO 


3 : XXX X 


2v 


QfM 


» »h» 


K 




O 


CO— 




•• 


IV 


fNlCi 


23 


<<< 2> 


»— « 


>0 


QOUI 


UU 


r-* 


h- 


>vtn 


«ixi: 


2 • 


-X 


CO 


X2TXCO 


2-* 


O-IV 


ULUL^J 


rsl 


0 




X*-» «Q 


iw^t_LLh-LL>r 






222 




O — 


-J_J * 




-IV 


O 


<CL | < 






^J-V 


C0> 


cC 




ct 


X 


xm 


«inz 


: • 


O 


3:cmXH-^H'3— X 




X<M 



QznQ^a-*— + 

>On£'>>CL • «OtLc02 

□uaoo ^h^nT 2 — m 
H-XJ-J3H • • *t-ao • 

WMOhhHUX^ 

<t*mcoo •aciu j r . 3 SN<- 

cjouij»«-*^ • • «*-i a.h-o 
XXOCLJ -JCOCQX-J I! < 2 : • 
22-JV- l| >>< —O 

OQtl II >OOt>h II || H 
^3:Q-l3LL32^iLcn X(\J 



^h22<IO 

ooooouu.iia.oQ 223 11 a 

OU-JHoQUJmm^ujOiX^COZQ 



XXO~UJ2cOfNJUJ ’^lULJX 

-»<t *i^nq:xx x o 

02-12 II tl OUJUJ II LU II CO 
• 2T II II OQ II UJ 

or -xa«^^J-j2-j2t\ir) 

UJ^4 U.H-t-0 — 

II II UJLJ l| LU • II f\J~JLLJLU *UJLU 

^Q«JJjZJZtNDX2H<NCQgUUliJUlU^|-JO 
U- I- H- -J -J rsl -J fvl 2 : 2T' < 

O — 1 Luuu<<<x<tx D^rmn 

H<NCQOuOUJL)IU^W2hQ 



x*-t tQ^-1-U.I-LLCM 

<TCL 1 <JhhTNZN4. 
2(M^hHQwX^XN 
^U'-UJZ^NUJNUjr 

*^^no:xx x o 

*-«2 II II OHJLU II UJ II CO 



Ohh-3 



•>* 

* 

■IV 

-IV 

-IV 

* 

* 

* 

* 

* 

* 

* 

*» 

* 

* 

* 

* 

-i* 

* 

# 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

-IV 

-IV 

-IV 

* 



OU.O 

o»-»a 



22H-Q* 

agm2:-» 



a. 

CO 



a. 

CO 



o 



(MCHsT 



CC ULJ-JV 

0^1— 
CO(J 

OlU 

UJ 



146 



SUBROUTINE GRN 1UALF0, BETA 0,00 VL ,Glli 



SUBROUTINE IS DESIGNEO TO CALCULATE THE Gil OYAOIC GREEN'S* 



4 

* 

* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 LU 

* 3 

* -J 
X 
4 > 
4 

4 Q 
4 LU 
*2 

* <x 

4 3 
41 - 
4 LU 
4 <x 
4 

4 • 

42 

40 

4 

41 - 
4 o 
4 2 

*z> 

4 LL 
4 

* CO 

* - 

*2: 

4UJ 

COUI 

za: 

00 

1 O ■« 

20 















3 
















CO 


— » 


• * 








4 




O 


3 


* 








3 




CM 


3 


* 








cO 




3 


O 


* 








o 


3N 


— p 


m 


4 








m 


CO— 


v* 


o 


4 








o 


OiM 


— • 


2 


* 








2 


tM2 


3 


4 


4 








4 


OLL 


CO 


3 


4 






o 


3 


2H- 


o 


cO 


4 






LL 


CO 


4 4 


h— 


O 


4 








o 


— 3 


iU 


CM 


4 






<t 


CM 


•cO 


o 


3 


* 








J> 




4 


4 


4 






o 


4 


i m 


3 


O 


4 




o 




O 


—3 


3 


3 


4 




< 


< 


CM 


34 


O 


TT 


* 




i— 




cO 


CO 3 


LL 


2 


4 




LU 


Q 


a. 


am 


-1 


4 


4 




CO 


< 


UJ 


■iQ 


< 


H— 


4 






h- 


2 


0<M 




O 


*a 




a 


LU 




20 




Q 


* > 




2 


X 


v. 


^2 




— 


*o 




< 






34 


— 




* GO 






•» 


(M 


cOq 


— 




* - 


> 


> 


>• 


2 


om 


iM 


CM 


*a 


QCO 


o 


o 


LL 


CM CO 


—* 


2 


* > 


0.2 


—* 


2 


H» 


DO. 


LL 


LL 


*a 


-JLU 


LU 


1X1 


4 


2lU 


h— 


1— 


4 CM 


>3 


o 


3 


3 


— 2 


4 — 


4 


* X 


QO 


or 


3 


CO 




3— 


3 


* •> 


-JLU 


a: 


3GQIU 


o 


4>- 


cO • 


CO 


40 


•OC 


a C 


y) coco <2 


CM 


— + 


OH 


O 


4 > 


JU. 


LL 


OOOLL 


O 


— — 


m i 


CM 


40 


> 




H—l ^ H— 


2 


33 


o— 


O 


4-h 


02 


2 


IUUJHJ2 


4 


COCO 


23 


2 


4 X 


c*a 


O 


cocomo 


3 


OO 


—CO 


4 


4 - 


a. 




i i t 


cO 


<M— < — 


► V.O 


O 


4m 


-ii- 


h— 


OsICMCMH- 


O 


30 — 


>— m 


< 


4 a: 


*2 


2 


4 4 4 2 


— — m 


4 


►mo 


1— 


4cO 


01 x 1 


UJ 


4 4 4 UJ 


m3 


Q\m22 


‘XI 


4 <X*-iCOQ 


o 


JJ JQ 


2 24 


CM32LLV. 


—o 


4 LUQ-Q2 


2 


»>2 


LL— LLO 


COCOLLH-O 


H4 


4 • 


•muj 


UJ 


QOQUJ 


1 — <mh* m 


CL. QH 4 CO 


20 


> Ojaroo. 


• • •a. 


oo oo. 


«*2 *cO 


UJCM4 30 


llll 


2a:o^iuuoooaj 


4 4 4UJ 


QLLOQ. 


2OOC0CM 


I--J 


OcO*-* »0>‘0'0'^Q 


HCvJfOQ 


aoa>H>nj 


— 2COQOCM 


4 < 


►-•0.0.0 G 




cucda: 


co co co a 




04 


H— UJ<McOlOO**J -J OoO 


LOCO CO CO 


QQQH «<m— 


— (MO^-O 


3 CM 


< *UOUJ4»>UJ 


Q-O. CLUJ 


niMml^x + 


040^4 




<2*— 1 


•CM -1 oo O a OCvJUJUJ UJ o 


oou 


<04 


— 4 •"H 


30 



LL> 

LUO 

o 

UJrH 

JO 

CO 

4 <iu 
4 C02>-»X 
^ •—♦OaCI— 

X*-»< _ 300000 

)—♦—:> 1 ) OOOcOcOcO—iCMm 
4 04 c0c0(/)OOOc0c0c0O4 

* 24 'HaQO—KMmQ.Q.a-04 

4 34 ^rHCNiroooouj lulus: > 

4 IL40000^^^3322> 

4 * 4 

uuuuuouououuuuuu 



~4 

>*3 

3 cO 



t 



<^^oflQuoOQQco^ 4 * * cO(M 2223 < 3 < 3 rH 
ocoa.2<— *4 4 4 <4 33o<4 i i • cocot/w 
OO.CM •■*-ia.r-*Cvjm>-*OcOcOCO— *4 ouaQQQ^ 
uJUJOOQC fv Jii(ia:c^<M^MQ^Qcioo^r-(rgma 
QNNcO<OLOcOiO<Kaa.a<U-QQQOOOLO 
h^q>- 3 - Q.a.Q.>ai/Mf\jfNjo>— « u-llll^-~— a 

LLIOLJ*-* •UJLUUJ CQUUO <JJJ 222 tM 
USSUtJO ll I! II UJ 1| || || || LU II <<<LLLLLLO 
cD 2 : 22 i-'Ooaai-oo 33 i-o n ti n -**- I i 

<oa < ti —icMm<cocococo<cooo 3 I — — ■ i co:soO< u it 

►-•^X-J-JQGOLOLO JQQQQuQuOcOcOUUU II m || |j Q. || 3 || -J<X 
O^SS< 3 DaaaZ)K-<(\jfnDU.QQauU-JH 2 ^llJfvJ 3 :HO r-<^ 
< O O LUO X UJ UJ LU OLU O O CU O *-l OJ m < < r-iLL »-*CVI 3 CM ^ LUO r-4 1-4 
>OUa:J23i2JCQ^^^J<OOOOUUQHQQ^Q« OJOO 



H<farwN 
IXII— CO X — O 
CO»UO #o I 
* OCO*H(\J<\J^COO 

0 4 O— cOCMr-«Q<M 

u .024 a. o<jhu 

-JU. 4 QLU 4 02 



< 

o 



< 

o 



< 

o 



< 

o 



147 





* 


■***•»■**•»•■*■* 








* 


******* 


GO 




* 




* 


4 * 


* 








* 


* * * 


2 




* 




* 


* * 


* 








* 


*2 •* * 






* 




* 


* * 


* 








* 


*|£>-*‘U * 


LL 




* 




* 


* Ol * 


* 








* 


* a-«* x * 






* 




* 


* X * 


* 








* 


* LL * »- * 


LU 




* 




* 


* H- * 


* 








* 


* lOUJ* * 


X 


(M 


* 




* 


* * 


* 








* 


* 2o£* LL * 




* 


* 




* 


4 a * 


* 








* 


*<<*Q * 




* 


* 




* 


* 


* 








* 


*Q£3* * 


2 


— 


* 




* 


* < * 


* 








* 


* H. 3* H- * 


u 


— 


* 




* 


* * 


* 








* 


* oo* X * 


LU 


o 


* 




* 


4 t- * 


* 








* 


* QC * ; U * 


3: 


o 


* 




* 


* X * 


* 








* 


* UJO* 2 * 




3 


* 




* 


* :u • * 


* 








*. 


*h24Q * 


LU 


3E 


* 


or- 


* 


* OOl* 


* 








* 


* a:<* a-'JJ* 


CQ 


* 


* 


go3 


* 


* 224 


* 








* 


*3 *23* 




O 


* 


Qc/1 


* 


* <-«* 


* 








* 


*ao* Qj4 


O 


LL 


* 


rgQ 


* 


4 »->-* 


* 








* 


* U 1* o<** 


-J 


O 


* 


Ocm 




* 3* 


* 








* 


* lu* i :>* 


LU 


< 


* 


* o 


* 


* LUO* 


* 








* 


* LU^-4* X * 


— • 


* 


* 


a* 


* 


* Xa:* 


* 








* 


* XLL* O* 


LL 


in 


* 


33 


* 


* H-OQ* 


* 








* 


*h- * lulu* 




• 


* 


XgO 

30 


* 


* 3* 


* 


(NJ 






* 


* 0*X2* 

* LU— »* h-2* 


LU 




* 


* 


* OICO* 


- * 








* 






* 


* cf| 


* 


* H- * 


* 


a 






* 


*i-cr:* 3* 


UJ 


— 


* 


h-O 


* 


* <r^* 


* 








* 


— * <h-* U-H* * 


X 


o 


* 


LUX 


* 


* -J^H* 


* 








* 


3* -JO* QLU* 


»— 


> 


* 


a* 


* 


* 0-2* 


* 


a 






* 


tO*3»U* £X* 




o 


* 




* 


* oa:* 


* 


o 






* 


X*00*2 * 


LL 




* 


n*lu 


* 


* -JO* 


* 








* 


X* -J LU* O^LU* 


a 


* 


* 


— Q 


* 


* <t * 


* 


*■» 






* 


LU*< *014 




O 


* 


~J — 


* 


— * olu* 


* 








* 


»* OO* LLI-I* 


2 


X 


* 


2^ 


* 


^* X* 


* 


• 






* 


o* LU* GO * 


a : 


o 


* 


u.— 


* 


X* o*-* 


* 


o 






* 


>*Oh4 2 -* 


o 


< 


* 


H* oO— 


* 


U.* »- * 


* 


o 






* 


a* H-o* <o* 


LL 


* 


* 


* 2CMOI 


* 


h- * ae:* 


* 


H 






* 


CQ* LU* (X—l* 


GO 


in 


* 


OU-2^ 


* 


•H* QO* 


* 


• 






* 


•* OCX* »— LU* 


2 


• 


* 


<h-CLr^ 


* 


O* lUX* 


* 


h- 






* 


CQ* IU— •* — #* 


< 


— 


* 


h-* I— O 


* 


>* 2 * 


* 


o 






* 


>* 20* C^LL* 


ae 




* 


03 * + 


* 


a* ooo* 


* 


• 






* 


a*o I * LU * — » 






* 


cqgoi-q 


* 


— •* *-»2* 


* 


omo 


o 




* 


2*hx4 — io* a. 




• CO 


* 


* QUJ~4 


* 


x* goo* 


* 


X > 


> 




* 


•** go * c£-i* - 


X*— l'— 


* 


QcviQrH 


* 


•* LU-«* 


LU* 


-H<00 


o 




* 


Q* LULU* 3CX4 3 




II II 


* 


LLO— 'O 


* 


or* Qi-co 


32 — 


M 


H-« 




* 


LL* OXoOOH-200 


0133 


* 


+ 


* 


GO* uz 


JO- 


O • X 


X 




* 


O* K2LLOO« 


X^<-o 


* 


<* — o 


* 


a* oo 2 a 


<mGMHQQ * 


* 




* 


<* ^ a ojH-40. 


h-XX 


* 


* > 4HH 


* 


— '* ’"“•3—* 


>H-GO* 


200 


o 




* 


^-* h-illhh laioH-osi 


XX 


* 


CM < 


* 


O* LLL- 


<o*a< — • 


l-H 




* 


-H* 0»-XLU<0 


•*OI LU 


* 


HQQO 




— ■* LU HI 


QoJ w QO -~0 


o 




* 


3*aj — il— a: • 


3 




* 


Q** ♦ 


* 


2^ 2K2 


lu«*o:> 




w 




* 


GO* ZK2 Q<f — iOGO 


— » 


* 


>nrar go 
3cooo*-« 


* 


ll* 


20—0 
(XO'-O— • 


#02 


X 




* 


X* —2— «LLIUOQ->X 


• • 


* 




H-* »— LULL 


•oo< 


2 




* 


LU* KOJU.QhO^OXOO 


* 


(^QQH 


* 


* 30LU 


3UJOXO #^h|— 


< 




* 


*3201 OUJOCOLU 


• • 


* 


OcmcmO 


* 


LU * 020 




•1- •* 


1— 




* 


LU* OOOLUUJO^* 


3h» 


* 


eMO<-> + 


* 


2* c£< 


tu — CJtUOOJO 


* 




* 


24 QCH c£0£ CMCQ»U*UO 


* 


oxx<x 


* 


»-•* COh-UI 


(XUJ^-OO-J «Om 


o 


O 


* 


—«* CQ2LU<5— »UJO->H- 


• • 


* 




* 


H-* 3 -J 


jq:q 


•o • 0 '^*"-*<r*”i 


* 


»— * OOJOQJ\U<QQ 


* 


— 1 | r-»2 


* 


3* GOOcO 


'Xlcoo^oxo 1 


o 


02 


* 


3* LOOCQ3 1 CQ23TOLLLL2 


* 


il il il Oa: 


* 


a* >-»< 


I<ooOa£<a: il O il o il a£ 


* 


o* i <gix<o ii 3Juoc 


* 


OQUJ 11 3 


* 


ac* t^Jn 


H**-» II II <t>— «<►— 1 ■ -1— >~»I3 


* 


a:* goxh-» hSqo<<3 


* 


Q -S' 


CD* mQo: 


c£QO 


— 


2 


21-0* 


ca* h-i aC II oC2^>o 


— — a* 


hhhhujZ^ 


3* XX< 


ii <«o;u.iJLu.u.au.aLuuj2'tt' 


0-l»XUJ< <00<U.U.IXI2«> 


ooooaiai# 


oo* H-a:> 


arQ ot-oi-tsui# 


to^H-x>ar >o-£o*-'*-»qllu-» 




cXH- * iu* 


LO^HI* 








ail— * i— »co ■»• 






ae 




OO * a*QQOZ^ 




CM 


COnT 


ecu •» 4 X * 






03 



3LU * 

GOO * X* 

: 1 1 -A -4 * 

o** ooooooooo 



OOl 

GOO 

LU 

L)<^ 



* 

* 

* 



LL* X 
O* LU 
* 



* 

* 

* 



X 

go 



ooooooo 



148 















*#•!♦*•»•*»»■*■»»•*•»■»■»• — ■» 'SI* 














* 








00 • 












* 




h 




* (X 


* * 


* 










* 




O 




0 <u 


*2 * 


* 










* 




0 % 


< 


^ 00 


* <x * 


* 










* 




—4 


lU • 


UJ O 


*Q * 


* 










* 






CX3 


ex 


*U- * 


* 










* 




> 


2 


— 2 


*t-o -a- 


* 










* 




cX 


U.-4 


• —4 


* 2 -a* oi 


* 










* 




<t 


OH 


O 


*< 4 X 


* 










* 




O 


Q 


UJ 0 


*cX * H 


* 










* 




2 


X> 


H 2 


*H * 


* 










* 




< 


—4 i-i 


3 


* *ll 


* 










* 






eXo- 


a. ex 


*tx * a 


* 










* 






H 


2 <* 


*UI * 


* 






— 




* 




■» 


<* 3T 


O UJ 


* — i -a- 1 — • 


* 






eg 




* 




O 


20 


0 a. 


*a£ * 201 


* 






* 




* 




vO 


CX 


a. 


*3 »*uj3 


* 






* 




* 




ro<t- 


< 


IU <c 


4QQ4 Z-l 


* 








2 


* 




V^GO 


X 


CO 


*u i* o< 


* 






• 


O 


* 




20% 


U-H 


cX 


— * lu-» cl> 


* 






CM 


X 


* 




LU»— ♦ 


0»-* 


O UJ 


2*ui— »* 2 : 


* 








UJ 


* 




Hi 




H O 


S4IU.4QQ 


* 






— * 


O 


* 




L0> 


H 


LU 


il*h -a- Ouj 


* 




— 


i-H 




* 




>cX 


22 


oO— H 


■u* 0 * * 2 


* 




• 


a. 


CL 


* 




oO< 


<0 


•-IC02 


X*UJ —»**>! <X 


* 




CM 


* 


O 


* 


X 


O 






lu* hcx* 3 


* 






— 


2 


* 


— • 


02 


•— «H 


X-l 


•*<H * Xh 


* 




— » 


•in 


O 


* 


cX 


H< 


2< 


o<iu 


JO4I-0J 


* 


2 


*— ♦ 


-4<o 


2 


* 


H 


O 


CX2 


*“* LU X 


:>* 3lu* za: 


* 


— ♦ 


a. 


1 




* 


< 


O 


lum 


XcXH 


0*0-1* 2 


* 


a 


* 


—0 


* 


* 


2 


LLIOO 


H2 




o£*_iuj* iu 


* 


•» 


— 


2H 




* 




»-2 


1 1 1 — ♦ 


cX 


<x*< *lux 


* 


2 


• 


— ♦ 


O 


* 


O 


CL *-< 


Q-J 


IUU. « • 


0*00* XH 




0 


— 4 


OO 


• 


* 


< 


UJO 


LU 


OQ« 


•>* *U*H 


* 


2 


1 


*0 


—4 


* 


UJ 


>0 


UJ 


LU 


00*01-* 


* 


UJ 


2 


• 


1 


* 


CL 


20 


xu. 


HI— X X 


UJ*|— 0 * U-O 


* 


0 




CM — 




* 




OO 


HO 


22mm 


CX* UJ* Qj 


* 




O 


— 


2 


* 


< 


O 




i-m<(XlX — 


-J*Q:X* U4 


* 


<2 


* 


— H 


»— • 


* 




• 


00C3 


— 12HH • 


•»* uj *-^ * 2*— * 


* 


UJ 


• 




O 


* 


u. 


•-5 


UJO 


-m<<H 


a* 20 * oclu 


* 


2 


cm 


'-o 


* 


* 


0 


in • 


HX 


•2X22 


<*0 I * 0 


*-« 


O 




'-o 


• 


* 


00 


s OCL 


Oh 


— <tX LU 


H **■""♦ X * U- O 


*a 


2 




0 


CM 


* 


HH 


a* 


O.UJ 


2 lullU.2 


i-U*oO *c/5—«X* •» 


«k 




1 0 




* 


22 


H> 


22 


• XHOQtU 


*> 1 * lulu* 2cXuj* or 


0-1 




0 




* 


<< 


03 


O 


1— m-ilU )— 


-* QXt/)<hQ2 t/ l 


>> 


1 


— * • 


* 


* 


ZX3> 




••UJ !XOHX< 


x* t- 2 o:uza«inooQ- 




I-CNJO 


— 


* 


m^Qq^Q 


00 


UJO H 20H 


h- •* LO OV-.UJ 


—•—•a >jfG>< 


<!—<•* 


2 


* 


22a0<UJ 


UJOO 


O • <t l'J<^^c/) 


-1 


h<NQ •x.Of— 




O 


* 


CXcX 


OH 


20 


2< 2X200 


S* o*-QCujZ<to:5 j-)-IujXujxuj-._j's. 


*— ♦ 


* 


UJUJ2 cX< 


— ♦< 


UJ • Hm22 


— > UJ 1-1 UJ 


2aC - 


•>>•* XI-X-» x< • • 


00 


* 


••HH<COO 


HO 


02 LL 2 LUO 


*U* 2H2-#Q 








* HHQh 




* 2LULULUUJQ- 


O 


O'— '*0 •nr' 2 h -4 


x* — »2— ‘exuj 


0— ia.><xcx •— 


2< ( 


— <LU—» 




* 


000-5 U-3 


n> 


lUXoo XUJm^co 


LU*HUJLL3H 


OOCMOCLCL* 00 




o^x^o a 


II 


* 


—4 




O^CO 


ootteXeXn-o—QX 


•» OZUlOoOuJUQJJQifll-^ 


•oof— UJ 




*H 


• • 


CO 


LUUJLUcX UJ UJ 


:U* QGQU.I.U 


<<<a^a-a;Z 


2 


* < 


iX 


O 00 


OHHQHQ3S 


2*<xa. accx ovjmcoio)— 


a< 


1 o>— i *2 


2 


* O •• 


UJ 


c/5 CX 


20 ! ucx< 0*1 


— 1* OQ 2 .UJLU»-»OUJOOUJUJUJ If — 1 


— •CL.vUUJU.UJ 


* 


-• >*2 


•• LU 


— • 2LJ2 1 CXQ 


H* 3U-JXO 


-j'v'xctaCM 


U. II 


11 a i-Nm^NX 


* LL cX2 


UJOOCQ 


-l-J< 


O* oOOCQf— | 


2COZZJ-J II < 




II OX 


ZX22 


* — « ••o< 


LOmS 


•• -J— lex 1 1 H 1 



O* 


1 < 


xO<taa 11 < 1 - 11 q q£s:xujo«uj 


Hi * HUjOeX •• 


<3X311J<<< LU 


CX *OOfN|M4 II 


(XmSZjQI-lu — »2LUO • 


HH 


HO * 2— JUJOUJ 


Q.H2000Cl2<Q2 


CO*— • 


cX 


CX22O0IX2C0022'- 


2 


2HQ* UJHHOH 


cX 


< 


xai<z 


11 <COOlu 0 X H-—UJMI Oujll 


OO 


OLU2* O— t<cX< 


3 


c/> • • 


>0-iH-X>S 


>OO<X_jH<OcX002Q*-» 


OO 


uiuj*MHoaa 


CL 


3h cm 


H * 


H* LL 


X* 




cX 






O * 


*rsl 


H* 


in 


vO CQ • 


• 


• 


LU * 


LL* X 


2 * 


CO 


CO o< 


CO 


O 


O * 


o*uj 


2 * 




00 






LU * 


* 


* 










<* OOOOOOOO 




OOOOOOOOOOOOOOOOOOO 



149 






x 

UJ 



cO 



CO 

X 

LU 

2 : 



m 

o 



— ~ • 

*<o 
<* 0 : 2 : 
0 "Q*^ 
>OJ 
O • 
? JlO 
lu <2 
2 : o 
cc*+ 



-JlU< 

J2U 



1 CO 

-su.o 

<QO. 



44 

* 

44 

* 

44 

44 

44 

44 

* 

* 

* 

* 

* 

44 

* 

* 

* 

44 

* 

* 

* 

44 

* 



< Ol >J04 
<y)(J<U •CLICO>*14 

2 2:rslQ2! 44 
QUUXUJ^aC^# 
•-•X»-«oC^<a:UJ 44 
h- t- a£ UJ ^ U. H- X 44 

3 H-U. * 



it orja. it o.«- • i <r ii — *a i _j <r>-oro ^ 5 uu — 
-jo -j^N<ia i — i ii m<^ro •o^< 



OOCOO II o — 

•<-a. ii o qllo 

CC -JUJ— ICO^MQ UmO 

CQO .21 II 

D^hQO 



m 

n 

cO 

•H 

ro 

cr 

o 

• 



o 

33 

00 

o 



o 

fN 





a: 


4 




















►-« 


Ocoa; 


44 
















<3 






UQU 


* 
















0 




QC. 


xo> 


* 
















-u 




< 


xo 


















M- 


O 


UJ 


•4—0 


* 
















00 


• 


Q. 


= UJ 


44 
















0 


vO 


a. 


COX • 


* 
















• 


f— 4 


< 


*-• C* 


* 






















CO-JUJ 


* 




















s- 


>»<t— 


* 


— 




CM 










m 




CO 


-1X^0 


44 


fN| 














CO 




o 


<02 


* 


1 




•» 










CO 






X*-»UJ 


* 


a 




CM 






*■3 




<f 






<H-C0 


44 


w 










•» 




O 


O 


• 

• 


< 


* 






«b 






-J 




00 


• 


< 


-J4— • 


44 


— — 1 














0 


CM 


• 


<30 


44 


x< 










< 




• 


r—4 




ua 


44 


•UJ 




— 






44 








«b 


~X</> 


* 


OoC 




— 






— O 








X • 


aCO*-» 


44 


«k 




— 






AJ— 1 *-t 








<a 


lUUt- 


* 


< • 




-1 


*** 




m • h» 








a:uj 


Z: (X 


44 


•» 




•»— 


O O 




< 








o> 


z> 3 


* 


zx 






(VI • 


0 


4-— ac 




C\J 




oo 


2 : •<_> 


«4 


— 1 




w-l 


• Q. 




m< 1 




<3 




••a: a: 


S • O'* 


x<— 




< - 


O ^ 


«h 


X *\Z- 




r— 


0^0 


a:a.t— 




ac^x 






(M — 


0 


•<M— 




O 


• • • • 


UJ 00 


• C00>44 


UJ • 




ZcO~ 


•X— < 


>r 






• 


»-H<*OCO 


LOC0UJ 


• • «— 4 44 


HJX 




•OD< 


(A •-O II 


• 


cl— •a.*: 


2 






o2?a 


C0*>0 


44 


a<r— 




-l<t>- 


r—4 J • — N 


r—4 


-j— ^-i'- 








M 


UJ 


•44 


UJ< 


2: 


II | CO 


UJ— II -JO l| 


m 


ll i» < 




r*- 




a -ico 


•• • •f-^4 


LUa: 


•k 


^NJCO!*' 


XQ.O^ •— 


— *<-3 11 




<3 




h--J^coi^<<a: 44 


X 2T 


f-4 


^<112!^ <J-)QZ + 


* 11 — 


*t ^ 


<3 





0\0 



m II — — < — t- ^-2 44 

<-Qu.aaii<o^HQ qc 
<OHJQHo; 0 <h'tOO^ 

2 ! II QHQ 
OOO M UJ2Z 



r^o uvno 

o*-j • • • • 
• ••— trnO<t* 



<X<UJ • • 


44 CO hQOO 






OOOOudUJ 


1 onr- 


0*-iXQC.-4CM 


44 








rno 




44 4- 








>rO<3 


• • 


44 O O 


-« CM CM 


vT 0-4 


cm cn<*o^ 


air-cn 


Q UJ 


44 UJ r-l 


r —4 r —4 H 


—1 CM CO 


cn cArO<f<- 


a 




44 -0 








2'00> cn oo^ 




44 UJ 








LUOO t • • *w 


oouoouuuo^ 








V 4 • tf—lvf r-iAjC/> 



150 



APPENDIX H 



FINSTRP: PROGRAM LISTING FOR THE COUPLED 

RESONANT CAVITIES 
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SUBROUTINE TFN ( G ID SQi H IQVD » TFN I ) 
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THIS SUBROUTINE IS DESIGNED TO CALCULATE THE TANGENT AND THE 
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